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(57) ABSTRACT

Moving previous version data required to be restored
beyond a continuous data protection window, if required, to
facilitate efficient reclamation and reallocation of storage
allocated to a continuous data protection journaling process
is disclosed. In some embodiments, storage is allocated
when possible in an allocation group that enables a continu-
ous data protection or other backup process to perform a
series of successive write operations without requiring that
a write head be moved inefficiently to many arbitrary points
on the storage media.
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SPACE COMPACTION AND
DEFRAGMENTATION MECHANISMS IN
DATA SPACE

BACKGROUND OF THE INVENTION

Continuous data protection enables a user to be able to
access or restore a previous state with finer time granularity
than previously offered by some traditional backup solu-
tions. For example, some traditional backup solutions per-
form backups at discrete points in time that are separated by
hours or even days. The only previous states that a user is
able to restore are the states corresponding to those points in
time. With continuous data protection, data (e.g., a file or
other data associated with a continuously protected device)
is continuously protected over a window of time and a user
is able to access almost any prior state within that window.
For example, using some continuous data protection systems
a user can access or restore saved states that are seconds or
fraction of seconds apart.

To continuously protect data, previous version data typi-
cally is obtained and stored in allocated storage. In some
cases, there is a significant amount of previous version data
that needs to be stored. Typically, storage used to store
previous version data is reclaimed as the data stored in
particular locations is no longer required to be retained, e.g.,
because it relates to states that fall outside (i.e., prior to the
earliest/beginning edge of) the rolling window described
above. However, in some cases previous version data that
falls outside the continuous data protection window may
need to be retained, e.g., because a user has indicated the
data is desired to be available to be used to restore a data set
or one or more data objects comprising the set. The need to
retain data outside the protection window may lead to
inefficient reclamation and reuse of storage, e.g., if the
previous version data required to be retained breaks up a
section of storage that otherwise could be reclaimed as a
group into smaller chunks each of which must be reclaimed
and reallocated separately. Therefore, there is a need for a
way to efficient reclaim and reuse storage used to store
previous version data, including where some older previous
version data is required to be retained.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention are disclosed in the
following detailed description and the accompanying draw-
ings.

FIG. 1 illustrates an embodiment of timelines associated
with continuous data protection and with traditional backup,
respectively.

FIG. 2A is a system diagram illustrating an embodiment
of a continuous data protection system.

FIG. 2B is a diagram illustrating an embodiment of an
information exchange associated with providing continuous
data protection for a CDP client.

FIG. 3A is diagram illustrating an embodiment of blocks
on a CDP client in a state at the start of continuous data
protection.

FIG. 3B is diagram illustrating an embodiment of a group
of blocks on a CDP client in a state corresponding to a first
point in time subsequent to the start of continuous data
protection.

FIG. 3C is diagram illustrating an embodiment of a group
of block s on a CDP client in a state corresponding to a
second point in time after continuous data protection begins.
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FIG. 4A is a diagram illustrating an embodiment of
snapshot data and an associated metadata record.

FIG. 4B is a diagram illustrating an embodiment of
previous version data and a corresponding metadata record
that are stored based upon a first group of intercepted block
writes.

FIG. 4C is a diagram illustrating an embodiment of
previous version data and a corresponding metadata record
that are stored based on a second group of intercepted block
writes.

FIG. 5 is a flowchart illustrating an embodiment of a
process for performing continuous data protection of a CDP
client.

FIG. 6A is a flowchart illustrating an embodiment of a
process to generate a block map when providing access to a
prior version or state.

FIG. 6B is a flowchart illustrating an embodiment of
process to provide access to prior version data in response to
a user request.

FIG. 7 is a flowchart illustrating an embodiment of
obtaining storage to store previous version data.

FIG. 8 is a flowchart illustrating an embodiment of a
process for storing previous version data as data on a CDP
client changes.

FIG. 9A is a diagram illustrating an embodiment of a
reclamation pointer used to track virtual reclamation.

FIG. 9B is a diagram illustrating an embodiment of
physically reclaiming storage locations that have been vir-
tually reclaimed.

FIG. 9C shows the state of the various storage locations
and data structures once locations D0-D3 have been
reclaimed.

FIG. 10 is a flowchart illustrating an embodiment of a
process for reclaiming storage.

FIG. 11 is a flowchart illustrating an embodiment of a
process to advance a reclamation pointer.

FIG. 12 is a flowchart illustrating an embodiment of a
process to move previous version data from a data region to
a snapshot region and update metadata records affected by
the move.

FIG. 13 is a block diagram illustrating an embodiment of
a storage used to store previous version data.

FIG. 14 is a flow chart illustrating an embodiment of a
process for reclaiming data space in allocation group size
continuous ranges of locations.

FIG. 15 is a flow chart illustrating an embodiment of a
process for locking storage locations in a data space used to
store previous version data.

FIG. 16A is a flow chart illustrating an embodiment of a
process for reclaiming space if an otherwise reclaimable
segment that is smaller that one allocation group is encoun-
tered.

FIG. 16B is a flow chart illustrating an embodiment of a
process for moving previous version data to temporary
storage to create a contiguous range of reclaimable space
that is at least one allocation group in size.

FIG. 17 is a flow chart illustrating an embodiment of a
process for mounting a restore point.

FIG. 18A is a flow chart illustrating an embodiment of a
process for un-mounting a restore point.

FIG. 18B is a flow chart illustrating an embodiment of a
process for unlocking storage locations associated with a
restore point that is being un-mounted.

FIG. 19 is a flow chart illustrating an embodiment of a
process for reclaiming unreferenced records in an environ-
ment in which multiple and potentially overlapping restore
points may be mounted at the same time.
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FIGS. 20A and 20B are block diagrams illustrating modi-
fying metadata records to reclaim a portion of the blocks
associated with a write to data space.
FIG. 21 is a flow chart illustrating an embodiment of a
process for rewriting locked metadata records to reclaim
space.

DETAILED DESCRIPTION

The invention can be implemented in numerous ways,
including as a process, an apparatus, a system, a composition
of matter, a computer readable medium such as a computer
readable storage medium or a computer network wherein
program instructions are sent over optical or communication
links. In this specification, these implementations, or any
other form that the invention may take, may be referred to
as techniques. A component such as a processor or a memory
described as being configured to perform a task includes
both a general component that is temporarily configured to
perform the task at a given time or a specific component that
is manufactured to perform the task. In general, the order of
the steps of disclosed processes may be altered within the
scope of the invention.

A detailed description of one or more embodiments of the
invention is provided below along with accompanying fig-
ures that illustrate the principles of the invention. The
invention is described in connection with such embodi-
ments, but the invention is not limited to any embodiment.
The scope of the invention is limited only by the claims and
the invention encompasses numerous alternatives, modifi-
cations and equivalents. Numerous specific details are set
forth in the following description in order to provide a
thorough understanding of the invention. These details are
provided for the purpose of example and the invention may
be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that is known in the technical fields related to the
invention has not been described in detail so that the
invention is not unnecessarily obscured.

Moving previous version data required to be restored
beyond a continuous data protection window, if required, to
facilitate efficient reclamation and reallocation of storage
allocated to a continuous data protection journaling process
is disclosed. In some embodiments, storage is allocated
when possible in an allocation group that enables a continu-
ous data protection or other backup process to perform a
series of successive write operations without requiring that
a write head be moved inefficiently to many arbitrary points
on the storage media. In various embodiments the allocation
group size is determined at least in part by a cluster size
(e.g., a size of a cluster into which an operating system
groups writes) and/or an allocation unit (e.g., a size of a
group into which a journaling or other backup process is
configured to group rights, which in some embodiments may
be the same as the cluster size or a multiple thereof). In order
to enable space to be allocated in such allocation groups,
even when there is a need to retain some previous version
data beyond the continuous data protection window, in some
embodiments if the previous version data required to be
retained beyond the protection window is stored in storage
locations spaced by gaps less than an allocation group in
size, some or all of the data is moved (e.g., copied) to a
different storage location, e.g., to compact the data into one
contiguous set of storage locations or to store the data
temporarily in a storage area not included in the space
allocated or desired to be allocated to the continuous data
protection journaling process.
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FIG. 1 illustrates an embodiment of timelines associated
with continuous data protection and with traditional backup,
respectively. In the example shown, timeline 100 is associ-
ated with traditional backup and backups are performed at
times t0, t1, and t3. Using traditional backup, the only states
or versions of a device being protected that are stored (i.e.,
and thus can subsequently be accessed or restored) are the
states associated with backup times t0, t1, and t2. It is
impossible using a traditional backup system to restore the
state of the system at other times such as some time between
t0 and t1 or some time between t1 and 2. In some cases, a
traditional backup system is scheduled to perform backups
every 12 hours or once a day and the corresponding saved
states of the device would be separated by 12 hours or 1 day.
This relatively coarse degree of time granularity is undesir-
able in some applications. For example, a user may create a
new document after a particular backup and spend a few
hours working on the document. If the user’s computer were
to fail prior to the next backup it would be impossible to
restore the document using traditional backup techniques.

Timeline 102 is associated with continuous data protec-
tion. Using continuous data protection, previous states or
versions (e.g., of files, settings/configurations, or other data
associated with a device being continuous protected) are
protected continuously and maintained over a protection
window. Some continuous data protection systems are con-
figured to be able to restore the state of a device to Any Point
in Time (APIT). This permits, for example, a file or other
data to be restored to any point in time. Some continuous
data protection systems are configured to be able to restore
the state of a device to a Significant Point in Time (SPIT).
In various embodiments, a significant point in time is fixed,
determined and/or configurable. For example, in some
embodiments the significant points in time are defined by the
continuous data protection application. In some embodi-
ments, significant points in time are defined by a user. In
some embodiments, the amount of time between successive
SPIT are defined based on an application or usage scenario.
In some applications (e.g., a user modifying a document) 15
seconds of resolution is acceptable. In other applications
(e.g., with a faster expected rate of change and/or that have
business rules that require a finer resolution), significant
points in time with better time resolution are used. For
example, it may be desirable to define significant points in
time to be every second if the device being protected is a
high-traffic web server that processes merchandise and/or
payment information for an online retailer. The techniques
disclosed herein can be used to restore Any Point in Time
(APIT) or Significant Points in Time (SPIT) in various
embodiments.

In some embodiments, SPIT refers to or is associated with
data that is logically consistent. For example, some CDP
systems are configured so that during continuous data pro-
tection (CDP) windows, every write on the CDP client is
stored on the CDP server. So at every point of time, a
snapshot region and a data region (e.g., on a CDP server)
form a physically consistent copy. However, in some cases
a snapshot region and data region only become logically
consistent when the application or server on a CDP client
has made sure that all changes in memory or storage are
flushed off to the disk (e.g., and are not retained in main
memory). In some cases, if there are changes in main
memory that have not been flushed to disk (e.g., on the CDP
client) then the data region and snapshot region on the CDP
server are physically consistent and not logically consistent.

Protection window 106 is a sliding window that extends
from baseline time 108 to current time 110. In some embodi-
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ments, points in time outside of protection window 106 are
no longer available and cannot be restored or access by a
user. Typically, there is a finite amount of backup media,
e.g., disk space, available to store previous version data. To
deal with the finite amount of storage, some older previous
version data is deleted (or migrated to offline media, such as
tape) to make room for new previous version data as time
progresses and/or new data is generated (e.g., as files,
configurations, or settings are created, modified, or deleted).
In some embodiments, baseline time 108 is the earliest time
at which a prior state or version is made available, e.g., to a
user, to be restored or accessed. Current time 110 corre-
sponds to the current state of a device and is the most recent
time for which the state of a device can be restored. In some
cases, two times correspond to the same state or version, for
example if there are not changes between those two times.
In some embodiments, baseline time 108 and current time
110 advance as time goes on but do not necessarily advance
at the same time and/or advancement of one does not
necessarily depend upon the other. For example, in some
embodiments older stored previous version data is not
deleted unless the storage locations in which such older
previous version data is stored is needed to store new data
(e.g., because of a change in state or version). Therefore, in
some embodiments, current time 110 advances while base-
line time 108 remains at the same point in time if there are
not changes to the state of a device being continuously
protected. Alternatively, in some embodiments the size of
window 106 may constrict under certain conditions—i.e.,
baseline time 108 may be advanced faster than and move
nearer to current time 110—for example if new data is
generated at such a high rate (many changes and/or changes
of a large size) that some older data has to be purged earlier
than it would otherwise have been purge, to make the space
in which it is stored available to store new data.

Initial baseline time 112 is the time at which continuous
data protection began (e.g., when a continuous data protec-
tion client, agent, or process was started). When continuous
data protection begins at initial baseline time 112, the
protection window has initial baseline time 112 as the
baseline time. In some embodiments, as time progresses, the
current time increases while the initial baseline time remains
as the baseline time for some time. At some point in time
(e.g., after an amount of time corresponding to a configured
size of protection window 106 has passed, when storage
becomes full, and/or when older previous version data is
deleted) the baseline time changes and is no longer the initial
baseline time. At the time shown in this example, protection
window 106 does not include initial baseline time 112 and
thus the state associated with initial baseline time 112 is no
longer made available to be restored at the time shown in
this example.

In some embodiments, there is a target or desired duration
associated with protection window 106. For example, a
continuous data protection system guarantees 10 days of
continuous data protection. In some embodiments, a desired
duration is not necessarily absolutely desired. For example,
in some cases a desired duration is supported so long as a
device being protected or data on the device is within
expected, typical, or nominal conditions. There may be so
much previous version data being generated (e.g., because a
user is constantly modifying a document or many users are
making substantial changes to many documents or other
stored objects in a relatively short period of time) that there
is not enough storage capacity to store all previous version
data for a desired duration.
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In some embodiments, a continuous data protection sys-
tem is configured to store previous version data beyond a
desired duration so long as there is sufficient storage capac-
ity to do so. That is, in some embodiments it is possible to
restore the state of a device beyond a desired duration under
certain circumstances. For example, some continuous data
protection systems that attempt to provide 10 days of
protection may actually be able to provide 15 days of
continuous data protection if there is relatively little change
to the state of the device. In some cases it may not be
necessary to delete previous state data and protection may be
provided beyond a desired duration. In some embodiments,
this is an optional or configurable mode that a user is able to
specify or otherwise control.

In some embodiments, a continuous data protection sys-
tem is configured to support adjacent protection windows. In
some embodiments, each protection window has a different
time granularity and/or desired duration associated with it.
For example, a first protection window may provide con-
tinuous protection for 10 days. After 10 days, previous state
can be accessed or restored at points in time 1 hour apart for
the next 5 days. That is, a second protection (adjacent to a
first protection window) has capabilities similar to that of a
traditional backup system and has a desired duration of 5
days and a time granularity of 1 hour.

FIG. 2A is a system diagram illustrating an embodiment
of a continuous data protection system. In the example
shown, continuous data protection (CDP) client 200 is
associated with and/or installed and running on a device or
host being protected. Examples of a device being protected
include a computer, a storage device, a server, a router, etc.
In some embodiments, a device being protected comprises
multiple physical devices or components. To continuously
protect a device, previous version data is generated/obtained
and stored. In some embodiments, previous version data is
associated with a file or other object stored on CDP client
200, a configuration associated with an application installed
on CDP client 200, a setting of CDP client 200, etc.

Journal logger 202, interceptor 204, and virtual access
interface 206 are continuous data protection-related pro-
cesses, clients, or agents running on CDP client 200. In this
example, interceptor 204 and journal logger 202 support
protection related processes and virtual access interface 206
performs processes relating to restoring or accessing previ-
ous states. In some embodiments, CDP client 200 includes
multiple physical devices and any number of journal log-
gers, interceptors, and/or virtual access interfaces can be
implemented. For example, in some embodiments, each
physical device has its own journal logger, interceptor, and
virtual access interface. In some embodiments, each physi-
cal device has its own interceptor, and a single journal logger
and a single virtual access interface support all physical
devices.

Continuous data protection (CDP) server 208 provides
protection, access and/or restoration related services, func-
tionality, and/or capabilities to, for example, processes or
agents running on CDP client 200. In this example, version
store 210 is a process running on CDP server 208 that
communicates with journal logger 202 and virtual access
interface 206 to provide protection and/or access/restoration
related capabilities or operations. For example, in some
embodiments, journal logger 202 and version store 210
operate together to store previous version data. In some
embodiments, version store 210 includes metadata records
to track previous version data that is stored (e.g., where a
given piece of previous version data came from, where it is
stored, the time it was written, etc.) In some embodiments,
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version store 210 and virtual access interface 206 are used
to provide access to or restoration of a desired previous state.

In some embodiments, there are other CDP clients in
addition to CDP client 200 and CDP server 208 supports
multiple CDP clients. In some embodiments, each CDP
client has its own dedicated CDP server.

Metadata region 212 is used to store metadata associated
with managing, accessing, and/or tracking previous version
data stored in persistent store 214. In some embodiments,
version store 210 manages, updates, and/or controls access
to metadata region 212. In the event of a restore or access,
information stored in metadata region 212 is used to deter-
mine appropriate previous version data to retrieve and/or
determine locations on persistent store 214 from which to
retrieve such data. In some embodiments, metadata region
212 is stored in cache or on disk (e.g., of CDP server 208).
In some embodiments, metadata region 212 (or some copy
of it) is stored in persistent store 214, which depending on
the embodiment may be associated with the same or a
different physical system than CDP server 208.

Persistent store 214 is used to store previous version data
associated with CDP client 200 and includes snapshot region
216 and data region 218. In this example, snapshot region
216 is used to store snapshot data (e.g., baseline time 108 in
FIG. 1). In some embodiments, snapshot data is prior
version data that is associated with the baseline time. In
some embodiments, to access or restore the state of CDP
client 200 at the baseline time, data is retrieved from
snapshot region 216 but not necessarily from data region
218. As the baseline time changes, in some embodiments
snapshot data stored in snapshot region 216 is correspond-
ingly updated. Data region 218 is used to store data that has
changed after the baseline time and/or does not include
snapshot data. For example, if some change to a file or
setting occurs after the baseline time, data corresponding to
the change is stored in data region 218. To access or restore
the state of CDP client 200 to some point in time after the
baseline time, data is retrieved from data region 218 and/or
snapshot region 216. In some embodiments, the data that is
retrieved (e.g., from data region 218 and/or snapshot region
216) depends upon the time being restored/accessed and/or
the changes that have occurred between the baseline time
and the time of interest.

Persistent store 214 is implemented and/or configured in
a variety of ways in various embodiments. In some embodi-
ments, persistent store 214 includes non-volatile storage
where data is able to be stored without being erased or
corrupted even if persistent store 214 is without power. In
various embodiments, various storage media is used by
persistent store 214. For example, persistent store 214 can
include magnetic tape, optical storage, magnetic disk, etc. In
some embodiments, persistent store 214 comprises multiple
physical storage devices. For example, some persistent
stores include multiple tape storage devices. Some persistent
stores include an array of disks. In some embodiments, some
network or connection (e.g., a SAN, an Ethernet connection,
etc.) is used to connect physical storage devices that com-
prise a persistent store and/or to enable one or more entities,
such as journal logger 202 and/or version store 210, to write
to storage locations comprising the persistent store. In some
embodiments, a persistent store is used to store data for
multiple CDP clients. For example, some continuous pro-
tection systems include another CDP client in addition to
CDP client 200 and persistent store 214 is used to store
previous version data for both CDP clients. In some embodi-
ments, each CDP client has a dedicated persistent store
associated with it.
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In various embodiments, various networking or commu-
nication techniques are used to couple CDP client 200, CDP
server, and/or persistent store 214. For example, in some
embodiments, connection 220 that connects CDP client 200
and CDP server 208 includes an Internet Protocol (IP)
network. In some embodiments, connection 222 connecting
CDP server 208 and persistent store 214 includes a Small
Computer System Interface (SCSI) connection. In some
embodiments, connection 224 between persistent store 214
and CDP client 200 includes a Storage Area Network (SAN)
connection. These are some example connections and in
some embodiments other types of connections are used.

In some embodiments, a user is able to select or otherwise
specify a set of one or more files, configurations, and/or
settings to access or restore. For example, a user may only
be interested in a particular document. In some embodi-
ments, all data associated with a point in time is (or in some
embodiments may optionally be) restored or accessed.
Access and restoration are related in various ways in various
embodiments. In some embodiments, restoration includes
replacing a current version of data with prevision version
data (e.g., stored in persistent store 214). In some embodi-
ments, accessing a prior state or version does not necessarily
cause data associated with a current state to be overwritten
or removed. For example, in some embodiments access is
provided simultaneously to both a (e.g., selected) prior state
and a current state. In some embodiments, a user has the
option to initiate a restore after accessing a prior state or
version. For example, after viewing an older version of a
document, a user can decide to restore the prior version so
that the current version of the document is replaced with the
prior version. In some embodiments, a user has the option of
restoring a prior version or state without first viewing or
accessing the prior state. For example, if data is known to
have been corrupted at a certain time, a user may decide to
restore a version prior to the known corruption time without
first accessing or viewing that version. In some embodi-
ments, only a subset of accessed data is restored (e.g., many
documents are accessed but only a few are restored). In
some embodiments, multiple versions of a given piece of
data are able to be accessed at the same time (e.g., a user is
able to simultaneously access the same document at different
points in time to compare or review differences at various
points in time).

FIG. 2B is a diagram illustrating an embodiment of an
information exchange associated with providing continuous
data protection for a CDP client. In the example shown,
previous version data that records the various states or
versions of data on CDP client 200 is stored in persistent
store 214. In some embodiments, there is a corresponding
flow or exchange of information performed in the event of
an access or restore. In this example, previous version data
comprises blocks associated with a file system. A block is a
storage unit used by a file system to store data in storage
media (e.g., magnetic disk). The size of a block varies in
various embodiments and can, for example, vary depending
upon the particular file system running on CDP client 200.
Although this example and other examples describe previ-
ous version data that includes blocks, in some embodiments,
previous version data does not comprise blocks. For
example, in some embodiments, previous version data com-
prises data at a higher or more abstract level than blocks
and/or objects at the file system level.

Block writes 201 are passed from interceptor 204 to disk
203. In some embodiments, interceptor 204 is a process or
agent configured to run on CDP client 200 between a file
system driver (not shown) and a disk driver (or other media
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driver). In some CDP systems, an interceptor does not
change block writes that it passes from a file system driver
to a disk driver. Intercepted block writes 205 are passed from
interceptor 204 to journal logger 202. In some embodiments,
each block write passed to journal logger 202 includes a
source location (e.g., on disk 203) and a data value (e.g., the
value written to disk 203).

Storage request 207 is passed from journal logger 202 to
version store 210. Storage request 207 is used to obtain
storage and this storage is used to store previous version
data. In this example, storage requests 207 are passed to
version store 210 at various points in time as storage that
was previously allocated becomes filled with previous ver-
sion data; i.e., a storage request is not sent each time new
data has been intercepted. For example, when continuous
data protection begins, a first storage request is passed from
journal logger 202 to version store 210. Allocated storage
that includes snapshot region 216 and data region 218 is
obtained as a result of the storage request. At some point
prior to filling up the allocated storage, another storage
request is passed from journal logger 202 to version store
210. In some embodiments, the locations or portions of
persistent store 214 that comprise snapshot region 216
and/or data region 218 change at a storage allocation. That
is, memories allocated for back-to-back storage requests are
not necessarily contiguous within persistent store 214. In
some embodiments, the same portion of storage is reused so
that the same locations are repeatedly allocated, with a
location becoming available for reallocation, for example, as
the data currently stored in the location is not longer required
to be retained. In some embodiments, a reclamation algo-
rithm or other process releases or frees for reallocation
storage used to store (e.g., older) previous version data.

Once storage is allocated or otherwise obtained (e.g., a
next location in a previously allocated group of storage
locations is allocated, previous version data 209 is passed
from journal logger 202 to persistent store 214. In various
embodiments, this is implemented in a variety of ways.
Tasks, functionality, and/or responsibilities associated with
journal logger 202 and a process (if any) running on per-
sistent store 214 is divided or assigned as appropriate. In
some embodiments, journal logger 202 tracks the current
location in persistent store 214 being written to (e.g., pre-
vious version data 209 includes or is otherwise associated
with a storage location on persistent store 214 that a par-
ticular piece of previous version data is stored at). In some
embodiments, a process running on persistent store 214
tracks or otherwise determines a location on persistent store
214 to write a particular piece of previous version data to.

Similarly, updating, managing, and/or accessing snapshot
region 216 and/or data region 218 are distributed or assigned
in a variety of ways in various embodiments. As described
above, snapshot region 216 is associated with the state of
CDP client 200 at a baseline time with the baseline time
itself gradually changing. In this example, journal logger
202 writes previous version data to snapshot region 216 for
the initial baseline time (i.e., when CDP protection begins).
After the initial baseline time, versions store 210 is respon-
sible in this example for updating snapshot region 216 as the
baseline time changes (e.g., by moving previous version
data from data region 218 to snapshot region 216 and/or
deleting obsolete data from data region 218 and/or snapshot
region 216). In other embodiments, version store 210 or
some other process is wholly responsible for managing
snapshot region 216. For example, journal logger 202 in
some embodiments is not aware of snapshot region 216 and
another process manages access to snapshot region 216.
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Metadata records 211 are passed from journal logger 202
to metadata region 212. In some embodiments, a metadata
record includes a storage location (e.g., on snapshot region
216 or data region 218), a source location (e.g., a location on
disk 203 where an intercepted block write is written to),
and/or a time (e.g., at which a block write is intercepted by
interceptor 204). Storage location, source location, and/or a
time are specified as appropriate for the particular configu-
ration or implantation of a particular embodiment. In some
embodiments, metadata region 212 is used to store metadata
records for multiple CDP clients and a metadata record
includes a CDP client identifier. Similarly, if persistent store
214 is associated with multiple physical storage devices, a
storage location included in a metadata record may identify
the particular storage device used and the location on that
storage device where a given piece of previous version data
is stored. In some embodiments, a single metadata record is
used to track multiple intercepted block writes that are
stored.

In some embodiments, an index, tree, table, or other data
structure is used to look up or otherwise determine where
previous version data is stored. Any data structure to identify
the storage location of previous version data for a desired
block at a desired point in time may be used. For example,
some indices or other data structures are configured to
output a storage block location when passed a desired time
and a desired source block location. In some embodiments,
an index or other data structure is structured or organized for
fast or efficient lookup or determination of previous version
data to retrieve from persistent store 214 in the event a prior
version is accessed or restored. In some embodiments, an
index is implemented as an R+ tree where one dimension
corresponds to space (e.g., a block location on the disk of
CDP client 200) and another dimension corresponds to time
(e.g., the time at which a block write to the disk of CDP
client 200 is intercepted). In some embodiments, such an
index is updated with a new entry or node as metadata
records 211 are passed from journal logger 202 to metadata
region 212. In some embodiments, a node in an index
contains a copy of metadata records 211; alternatively in
some embodiments a node in an index contains a link or
reference to a corresponding metadata record (e.g., stored in
metadata region 212). In one example, each node or entry in
an index includes a record ID that identifies or describes the
location of a corresponding metadata record stored in meta-
data region. In some embodiments, older nodes or entries are
shifted or reorganized within an index as new entries or
nodes are added to the index and/or older nodes or entries
are deleted from the index. Alternatively, in some embodi-
ments, there is no index or data structure separate from a
metadata region used in identifying storage locations of
desired previous version data. For example, in some
embodiments, metadata is organized or structured in such a
way that it is searchable.

In some embodiments, some or all of the illustrated
exchange of information occurs in real time. That is, in some
embodiments, there is no collection or aggregation of infor-
mation into larger groups or units before information is
processed or forwarded. In some embodiments, receipt of
information triggers the information to be stored, forwarded,
or otherwise processed accordingly without regard to the
amount of information received and/or waiting for addi-
tional information to be received. For example, in some
embodiments, intercepted block writes are passed to journal
logger 202 as soon as they are intercepted by interceptor
204. In some embodiments, journal logger 202 immediately
passes previous version data 209 to persistent store 214 and
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stores it in persistent store 214 as soon as intercepted block
writes are received from interceptor 204. In some embodi-
ments, as soon as one or more pieces of previous version
data are stored in persistent store 214, a corresponding
metadata record is generated and passed to metadata region
212. In some embodiments, this maintains groups of one or
more block writes, where the groupings are determined by
an operating system or file system associated with CDP
client 200.

FIG. 3A is diagram illustrating an embodiment of blocks
on a CDP client in a state at the start of continuous data
protection. In this example, eight block locations on the disk
or other media of a CDP client are shown. A typical disk
contains many more than eight blocks and the concepts
illustrated with this example may be extended to any number
of blocks on a disk and/or any number of blocks that are
written at a time.

At time 10, continuous data protection of a CDP client
begins. The state of the CDP client is captured at time t0 by
copying the state of blocks on disk at time t0. In this
example, block locations 0-2 contain the values A, B, and C,
respectively, and block locations 3-7 contain no data. Any
appropriate technique can be used to capture the state of
blocks when continuous data protection begins. For
example, some traditional backup systems are configured to
perform block based backups where blocks are backed up as
opposed to higher-level data objects such as files. In some
embodiments, a technique associated with traditional block
based backup is used to capture the state of blocks on a CDP
client at the start of continuous data protection.

FIG. 3B is diagram illustrating an embodiment of a group
of blocks on a CDP client in a state corresponding to a first
point in time subsequent to the start of continuous data
protection. In the example shown, a new data C' has been
intercepted as being written to block 2 and an initial data D
has been intercepted as being written to block 3 at or before
a time t1 after time t0 (i.e., the initial state shown in FIG.
3A). In this example, an interceptor (e.g., that operates
between a file system driver and a disk driver) intercepts
these writes to block locations 2 and 3.

FIG. 3C is diagram illustrating an embodiment of a group
of block s on a CDP client in a state corresponding to a
second point in time after continuous data protection begins.
In this example, at or before time t2 after time t1 (shown in
FIG. 3B) the value C' in location 2 has been updated with the
value C", and a new value E is stored in location 4. The
values stored in locations 0, 1, and 3 have not changed since
time t1.

The groups of block writes illustrated in FIGS. 3B and 3C
reflect a grouping or number of block writes determined by
a file system or operating system associated with a CDP
client. That is, the writes to block locations 2 and 3 in FIG.
3B occur or are otherwise intercepted at substantially the
same time (i.e., t1). Similarly, the writes to block locations
2 and 4 in FIG. 3C are associated with the time t2. In some
cases, the amount of time separating t1 and t2 is limited by
how fast consecutive groups of one or more block writes can
be performed. In some cases, an operating system or file
system enforces some rule about the number or size of a
group of writes (e.g., the example groups in FIG. 3B or 3C).
For example, some operating systems only perform block
writes in multiples of some base quantity or unit of mea-
surement. For example, an operating system may perform
block writes in multiples of four blocks so that only writes
of four blocks, eight blocks, twelve blocks, etc. are per-
formed.
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FIG. 4A is a diagram illustrating an embodiment of
snapshot data and an associated metadata record. In the
example shown, the snapshot data and metadata record
correspond to the example of FIG. 3A. In this example,
metadata region 401 is used to store metadata records to
track previous version data and snapshot region 402 is used
to store snapshot data.

The values shown in FIG. 3A at time t0, values A-C, are
stored in snapshot region 402 in locations S0-S2, respec-
tively. In the example shown, only four locations (S0-S3)
have been allocated to store the snapshot/baseline data. In
some embodiments, the number of storage locations allo-
cated to store baseline data is the same as the number of
blocks associated with a data set with respect to which
protection is being provided, i.e., eight locations in the
example shown in FIGS. 3A-3C. In the example shown in
FIGS. 3A-3B, for example, the latter approach would allow
for baseline data to be written in the snapshot area for blocks
that did not have any data at time t0, as may be required, for
example, as the baseline time starts to advance. In some
embodiments, additional (in some embodiments contiguous)
storage locations are allocated to the snapshot region
if/when required, e.g., as the baseline time advances with the
advance of the sliding protection window. In the example
shown in FIG. 4A, time t0 corresponds to a baseline time
and thus data values associated with time t0 are stored in
snapshot region 402. To track the stored snapshot data,
metadata record 400 is created and stored in metadata region
401. Metadata record 400 includes a time at which the data
values were intercepted (e.g., time t0), source location(s)
that describe location(s) where the values were located on a
CDP client (e.g., block locations 0-2 on a CDP client), and
storage location(s) where the data values are stored (e.g.,
block locations S0-S2 on a persistent store).

In this example, a single metadata record (i.e., metadata
record 400) is used to track source location(s) and storage
location(s) for all data values captured at a baseline time. In
some embodiments, there is a one to one correspondence
between metadata records and stored data. For example, in
such embodiments, there would be three metadata records
used to track the stored values A-C.

Alternatively, in some embodiments, a metadata region is
not used to track snapshot region entries and is only used to
track entries in the data region. In some embodiments, a
snapshot region is self describing, and can be used to store
a full image as well as a sparse image. In some cases, a full
image refers to cases where every block of a file system is
recorded even though a particular block might not have data.
On the other hand, if only blocks that have data are recorded
(e.g., on the CDP client file system) then this is the case of
a sparse image.

FIG. 4B is a diagram illustrating an embodiment of
previous version data and a corresponding metadata record
that are stored based upon a first group of intercepted block
writes. In the example shown, the previous version data that
is stored in the data region comprise the first group of block
writes intercepted after continuous data protection begins.
This example corresponds to the example of FIG. 3B.

The data values C' and D which were intercepted are
stored in locations D0 and D1, respectively, of data region
404. In this example, non-snapshot data is stored in data
region 404 and thus the data values C' and D are stored in
data region 404 as opposed to snapshot region 402. In some
embodiments, if the baseline time were to advance to time
tl, e.g., as the sliding protection window began to advance,
the data value D stored at D1 would be copied to S3 in the
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snapshot region and the baseline time associated with the
snapshot region updated to time t1.

Metadata record 406 is added to metadata region 401 and
is used to track the previous version data, C' and D. Metadata
record 406 includes the time at which the block writes are
intercepted (e.g., t1), the source locations on a CDP client
(e.g., block locations 2-3), and the locations where the
values C' and D are stored (e.g., D0-D1).

FIG. 4C is a diagram illustrating an embodiment of
previous version data and a corresponding metadata record
that are stored based on a second group of intercepted block
writes. In the example shown, this figure corresponds to the
example intercepted block writes of FIG. 3C.

The values C" and E are stored in block locations D2 and
D3 respectively of data region 404. Metadata record 408 is
added to metadata region 401 and corresponds is used to
track the previous version data, C" and E. Metadata record
408 includes time t2 (i.e., the time at which the block writes
were intercepted), source locations (e.g., block locations 2
and 4 on a CDP client), and storage locations (e.g., block
locations D2-D3 on data region 404).

In the examples shown above, data is written contigu-
ously within data region 404. Writing data in a contiguous
fashion in some applications minimizes or reduces write
times to data region 404. For example, if data region 404 is
stored on a disk drive system, the seek time to move a
read/write head to a new write location is minimized or
reduced since data is written to an adjacent write location
and no “jumps” are performed. Reducing write times is
desirable in some scenarios, for example if there are a lot of
changes to the state of a CDP client. In some applications,
it is desirable to keep up with changes as they occur on a
CDP client so that buffering of information is eliminated or
reduced. In some applications, it is desirable to reduce
latency between intercepting a group of one or more block
writes and storing previous version data on a persistent store.

A single metadata record is used in the examples shown
above to track a group of intercepted blocks writes. In some
cases, a group may include a single block write. In some
embodiments, a group of block writes reflects a grouping
determined by a file system or an operating system. That is,
aggregation or regrouping may not necessarily be performed
and a grouping determined or otherwise established by a file
system or an operating system is preserved. By preserving
the operating system or file system’s grouping, the states of
a CDP client can be protected (and if so desired, subse-
quently accessed and/or restored) with a time granularity
matching that with which blocks are written to the disk of a
CDP client. This time granularity may in some cases be on
the order of a fraction of a second, which is a much finer time
granularity relative to that offered by some traditional
backup systems.

In the event of an access or restore, the metadata records
stored in metadata region 401 and data stored in snapshot
region 402 and/or data region 404 are used. For example, a
user may want to access the state at some point in time
within the range [t1, t2) where the open square bracket “[”
indicates that the range includes t1 and the close parenthesis
“Y” indicates that the range does not include t2. In some
embodiments, the records in metadata region 401 are
searched based on a point in time to access or restore and
blocks to retrieved are determined. For example, the data
stored in SO and S1 of snapshot region 402 and the data
values stored at DO and D1 of data region 404 are deter-
mined to be the appropriate blocks to retrieve based on the
desired time within the range [t1, t2). In some cases, not all
blocks associated with a given metadata record are retrieved
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and used to provide access or perform a restoration. For
example, if the state of the CDP client at time t2 is restored,
the data value D stored at D1 is used but the data value C'
stored at DO is not used (i.e., the data value C" stored at D2
is used instead).

In various embodiments, the examples of the above
figures are modified and/or supplemented using various
techniques. For example, in some embodiments, a single
region of storage is used to store data values regardless (e.g.,
there is only a data region and no snapshot region). In some
embodiments, the structure or fields included in a metadata
record are different than the examples described above. For
example, in some embodiments, a given metadata record is
used to track all values that correspond to a given source
location (e.g., a metadata record for source location 0,
another metadata record for source location 1, etc.). In some
embodiments, an index is used to facilitate faster searching
during a restore event. This index (if used) is updated as
appropriate. For example, in some embodiments, a new
node is added to an index when each one of metadata records
400, 406, and 408 are added to metadata region 401. In some
embodiments, the index stores for each block, and for each
iteration or version of data stored at that block at any time
during the current protection window, a pointer to the
location(s) in the snapshot region and/or data region where
the previous version data for that block (as it existed at the
time of interest) is stored. In some embodiment, the index
stores a pointer to the metadata record(s) associated with the
blocks, which metadata records in turn include pointers to
the locations in which the previous version data are stored.
If a block has not been changed since the snapshot at t0, the
index points to the corresponding value in the snapshot.
Once updated, depending on the time of interest the index
points to either the snapshot location (e.g., time of interest
before first change to block) or a corresponding location in
the data region (block changed since snapshot). Such index-
ing facilitates retrieval and/or restoration of a prior version
of'a particular file or other document, for example. A process
on the client (or CDP server), e.g. a process running at an
application or other level higher than the block level at
which the interceptor/journal logger operate, as described
above, determines which blocks were associated with the
file at the time of interest, and the index is used to retrieve
the previous version data that was stored in the specified
blocks at the time of interest.

FIG. 5 is a flowchart illustrating an embodiment of a
process for performing continuous data protection of a CDP
client. In some embodiments, the process is performed by a
journal logger running on a CDP client being continuously
protected. In some embodiments, some part of the example
process is performed by some other entity or sub entity. For
example, in some continuous data protection systems, step
502 is performed by a separate module called a baseline
image creator. In some embodiments, a journal logger
interfaces with one or more other processes to perform some
or all of the steps shown. For example, a version store
running on a CDP server may assist, service, or work with
a journal logger to perform one or more of the steps shown.

In the example shown, at 500 a location to store previous
version data is obtained from an allocation entity. For
example, in some embodiments, a storage area allocation
request or indication is passed to a storage allocation entity.
In some embodiments, the allocation entity comprises and/
or is associated with version store 210 of FIG. 2A. An
appropriate amount of storage to allocate is determined (e.g.,
in some embodiments by a storage allocation entity and in
some embodiments by a requesting entity). In some embodi-
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ments, the amount of storage to be allocated is determined
based at least in part on a (maximum) size of a data set
(protected entity) to be protected and an (e.g., user supplied)
expected rate of change to the data set. For example, in some
embodiments, if the protected entity comprises 10 GB
(maximum, even if not fully populated with user data
initially) and is expected to undergo changes at a rate of 1
GB per hour, then to provide a 10 hour protection window
10 GB of space is allocated to store baseline data (e.g., an
initial and subsequently updated snapshot) and 10 GB (1 GB
per hour times 10 hour window) plus some buffer (e.g., an
additional 2 GB, ie., room an additional 2 hours of
changes), for a total of 12 GB, is allocated to store previous
version data as changes are made subsequent to the initial
snapshot. In some embodiments, the buffer is provided to
enable changes to continue to be logged while processing is
performed (as explained more fully below) to reclaim space
in which older previous version data is stored.

A snapshot of protected data corresponding to a baseline
time is backed up at 502. In some embodiments, snapshot
data is stored in a storage region or locations (e.g., a
designated portion of a disk or disk array) associated with a
snapshot (e.g., a snapshot region). In some embodiments,
both snapshot data and non-snapshot data are stored in the
same region or locations. In some embodiments, snapshot
data is written contiguously to a persistent store so that no
“jumping” is performed across storage locations.

As changes to the state of a CDP client occur, previous
version data is obtained and stored at 504. In some embodi-
ments, block writes to a disk or other media of a CDP client
are intercepted and these intercepted block writes are stored
as previous version data on a persistent store. In some
embodiments, previous version data is obtained in some
other manner besides intercepting block writes. For
example, in some embodiments data at some higher or more
abstract level is obtained.

In various embodiments, one or more of the above steps
are repeated, modified, and/or skipped. For example, in
some embodiments, prior to filling up an allocated storage,
step 500 is repeated to obtain additional storage. In some
embodiments, an obtained location in storage is adjacent to
a location that was obtained immediately prior (e.g., obtain
locations 0-99 and subsequently obtain locations 100-199).
In some applications it is desirable to be able to continue
writing in subsequently obtained locations without jumping
(e.g., location 99 is right next to location 100).

FIG. 6A is a flowchart illustrating an embodiment of a
process to generate a block map when providing access to a
prior version or state. In the example shown, the process is
performed by a process associated with a CDP server, such
as version store 210 of FIG. 2A. In some embodiments, there
is a counterpart process, for example performed by a virtual
access interface associated with a CDP client. In some
embodiments, the described process is used to generate a
block map for a selected group of objects or data associated
with a CDP client (e.g., specific files stored on CDP client or
a certain setting/configuration). Alternatively, in some
embodiments the example process is used to generate a
block map for all objects or data associated with a prior
version. In some embodiments, the same or a similar process
is used to generate a block map when restoration is per-
formed.

At 600, a request to access a prior version is received. In
some embodiments, a request includes a time for which
access is desired. In some embodiment, a group of objects to
access is optionally included in a request. For example,
some continuous data protection systems are configured to
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be able to provide access for a user-selectable group of
objects should a user so desire to specify a group.

It is decided at 602 whether a desired prior version is
within a protection window. In this example, a protection
window defines prior versions of data that are available to be
accessed or restored. In some embodiments, a desired time
(e.g., included in a request received at 600) is compared to
a baseline time of a protection window. In some embodi-
ments, a reclamation pointer is used to track a baseline time.
If a desired time is less than a baseline time, it is determined
in some embodiments that the desired prior version is not
within the protection window. If so, an error is returned at
604.

If it is within a protection window, at 606 a block map is
generated with locations of blocks at which data associated
with a request are stored. In some embodiments, metadata
records in a metadata store are examined and locations of
appropriate blocks are determined based on (for example) a
time obtained at 600. In some embodiments, an index is
used, for example as described above. Referring to the
examples of FIGS. 4A-4C, metadata records in metadata
region 401 are examined to generate an appropriate block
map. In some embodiments, it is first determined which
metadata records are associated with times prior to a
requested prior version (e.g., for a time after t1 but prior to
12, metadata records 400 and 406). Then, for each source
block location, a corresponding storage block location that
contains the most recent data value is determined. For
example, source block location 0 corresponds to storage
block location S0, source, block location 1 corresponds to
storage block location S1, source block location 2 corre-
sponds to storage block location DO, and source block
location 3 corresponds to storage block location D1. The
block map generated for this example is (S0, S1, D0, D1).
In some embodiments, an index that facilitates faster search-
ing is used in generating a block map.

At 608, a block map is provided to appropriate entity. For
example, in some embodiments, a block map is provided to
a virtual access interface or other entity responsible for
retrieving data from the block locations specified in a block
map. Any appropriate communication or transfer technique
(e.g., push/pull) may be used to provide a block map to an
appropriate entity.

FIG. 6B is a flowchart illustrating an embodiment of
process to provide access to prior version data in response to
a user request. In the example shown, the process is per-
formed by a virtual access interface associated with a CDP
client. In this example, there is a counterpart process that
generates a block map (FIG. 6 A shows an example of such
a counterpart process). In some embodiments, a virtual
access interface is associated with a (e.g., graphical) user
interface via which a user initiates an access/restore or
provides settings or configurations (e.g., optionally select a
group of desired objects or data, a time/date to access,
specify whether access or restoration is desired, etc.). In
some embodiments, the same or a similar process is used
when restoration is performed.

At 650, a request from a user to access a prior version is
received and is forwarded to an appropriate entity. For
example, in some embodiments, a request is forwarded or
otherwise sent to a version store associated with a CDP
server. It is determined at 652 whether a desired prior
version is available. For example, in some embodiments an
error is returned in the event a desired prior version is not
available. If it is not available, a user is notified that a prior
version is not available at 654. Otherwise, at 656 a block
map is received. In some embodiments, 650 includes
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requesting a block map from, for example, a version store or
other process at the CDP server and the determination at 652
is made based at least in part on whether a block map is
received.

At 658, data is retrieved using block locations included in
a block map. For example, in some embodiments the block
locations included in a block map are associated with a
persistent store and a virtual access interface retrieves data
from a persistent store at the block locations included in a
block map. In some embodiments, data is stored locally on
a CDP client in order to provide access to a user. Any
appropriate storage can be used to hold or store retrieved
data.

At 660, a prior version is made available to a user. In some
embodiments, providing access includes rendering a visual
representation of an object where displayed information is
not necessarily able to be selected, manipulated, or operated
on. For example, a file may be displayed as a JPEG file or
a PDF file where text is not necessarily selectable. In some
embodiments, presented data associated with a prior version
can be manipulated or operated on by a user (e.g., an old
value or setting can be copied to a current version and/or a
prior version of an object is able to be manipulated or
modified). In some embodiments, making a prior version
available includes displaying a new workspace that is sepa-
rate or distinct from a workspace associated with a current
version or state. In some embodiments, there are mecha-
nisms available for a user to be able to detect corresponding
data, for example, in order to observe where and/or how data
has changed or not changed. For example, font color and/or
connecting lines may be used to highlight corresponding
portions between two versions of a file.

In some embodiments, after accessing a prior version, a
user is able to optionally restore that prior version should he
desire to do so. In some embodiments, a user is able to
specify a subset of accessed data or objects to be restored.
For example, a user may view multiple files but select
certain files to be restored.

The previous figures illustrate an example distribution of
services, operations, or functions associated with providing
access to a prior version. In some embodiments, other
processing is performed, for example to supplement or
replace one or more steps illustrated in the examples above.
In some embodiments, functionality is distributed in some
other manner (e.g., between a virtual access interface and a
version store) than in the example described above. For
example, in some embodiments, a version store is respon-
sible for retrieving stored data and forwarding it to a virtual
access interface.

In some embodiments, multiple protection windows are
supported. For example, during a first protection window
that includes the current state, continuous data protection is
supported. During a second protection window adjacent to
the first, only certain states or versions (e.g., with coarser
time granularity) are able to be restored; this is similar to the
capabilities provided by a traditional backup system except
the coarser granularity is a policy-based progression from a
CDP state to a coarser state. In some embodiments, addi-
tional processing is performed to support multiple protection
windows. For example, if a desired prior version falls into
the second protection window, available state(s) that are
nearby are determined. In some embodiments, one or more
available states are communicated to a user. For example, a
message is presented to a user saying, “You have requested
access to Jul. 1, 2006 at 3:00 pm. The closest available time
is Jul. 1, 2006 at 6:00 pm. A version at Jun. 30, 2006 at 6:00
pm is also available.”
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FIG. 7 is a flowchart illustrating an embodiment of
obtaining storage to store previous version data. In some
embodiments, the process is performed by a journal logger
associated with a CDP client. In some embodiments, the
example process is used at step 500 to obtain storage.

In the example shown, at 700 the desired duration of a
protection window is received. For example, a user may
specify that he wants continuous data protection for at least
10 days. In various embodiments, various capabilities or
features are supported and appropriate information is
obtained from a user. In some embodiments, information
such as business rules and/or prioritization of data to be
protected is obtained from a user. For example, a user may
care more about certain files (e.g., patient records) than other
files (e.g., pictures from the office picnic). In some embodi-
ments, business rules that describe rules for retaining and/or
discarding information are obtained. In some embodiments,
different sets of data on a given CDP client have different
protection windows and/or protection rules.

At 702, the size of an allocation group is determined. In
some embodiments, the size of an allocation group is an
integer multiple of an allocation unit. An allocation unit in
some embodiments corresponds to a minimum and/or pre-
scribed number of blocks included in a write operation by a
journal logger. In some embodiments storage locations (e.g.,
on disk) that contain relatively old data is virtually reclaimed
in allocation units, e.g., as new previous version data is
written by the journal logger in such units, but storage is
allocated in larger allocation groups to ensure the journal
logger can write successive allocation units of data in
contiguous regions on the storage media. In some embodi-
ments, an allocation unit is based on a cluster size associated
with the operating system of a CDP client, which in some
embodiments enables the journal logger to avoid having to
fragment operating system writes across multiple writes by
the journal logger and may facilitate reclamation of storage
space in contiguous chunks. For example, an allocation unit
may be 2 KB, 4 KB, 8 KB, etc. The size of an allocation
group can be determined or obtained in any appropriate
manner. In some embodiments, the size of an allocation
group is a programmable value and/or is obtained from a
register. In some embodiments, the size of an allocation
group corresponds to a fixed, configured, configurable,
and/or programmable multiple of a fixed allocation unit.

An amount of storage to obtain from an allocation entity
is determined based at least in part on an allocation group
and a desired duration of a protection window at 704. In
some embodiments, the amount of storage to obtain is
constrained or otherwise limited to be an integer multiple of
an allocation group. In some embodiments, an amount of
storage is calculated to be sufficient to satisfy the desired
duration associated with a protection window (e.g., based on
expected conditions or scenarios). For example, if 1 MB in
changed data is expected per day and 10 days of protection
is desired, 10 MB is calculated. In some embodiments, a
buffer (e.g., an additional 2 MB) is included.

In some embodiments, other information in addition to or
in place of an allocation group and/or a protection window
is used in determining an amount of storage to obtain. In
some embodiments, this information is provided or specified
by a user. For example, in some embodiments, a user is
queried about expected or typical changes to the state of
CDP client. For example, a user may be asked how many
hours a day they work on a document, how much traffic a
server receives, changes to routing tables managed by a
router, etc.
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In some embodiments, at least some information used in
determining an amount of storage to obtain is gathered
automatically and/or without requiring user interaction. For
example, in some embodiments, there is an observation
period during which a process observes changes to the state
of' a CDP client so that usage and/or change characteristics
are obtained. For example, some observation processes are
configured to be able to observe that a particular CDP client
is rarely changed and thus less storage is likely to be needed
to store previous version data. Some observation processes
are able to determine that a particular object associated with
a CDP client changes frequently and that the changes
include a significant number of additions (e.g., a blog or
patient notes). Some observation processes are able to
determine that an object is changes frequently and that the
changes include a significant number of overwrites (e.g., a
restaurant menu or the main page of a news website). These
observed characteristics (e.g., augmentation versus over-
writing) are used in some embodiments in determining an
amount of storage to obtain.

At 706, the determined amount of storage is obtained
from an allocation entity. For example, in some embodi-
ments, storage is obtained from a version store. In some
embodiments, a request or indication is sent to an allocation
entity and includes an amount of storage determined at 704.

In some embodiments, some or all of the example process
is repeated as needed. For example, in some embodiments,
a journal logger obtains storage from an allocation entity
when storage being written to becomes full or at a pre-
determined point before it becomes full. In some embodi-
ments, steps 700-704 are performed once and an amount of
storage to obtain is not necessarily calculated repeatedly.

In some embodiments, some or all of the described steps
are performed by another entity in combination with or as an
alternative to a journal logger. For example, in some
embodiments, a journal logger indicates to a version store
when storage is needed to store previous version data; the
version store is responsible for determining an amount of
storage to allocate. In some embodiments, an administrator
and/or other authorized user determines the amount of
storage to be requested and/or allocated.

FIG. 8 is a flowchart illustrating an embodiment of a
process for storing previous version data as data on a CDP
client changes. In the example shown, the illustrated process
is performed by an interceptor and a journal logger associ-
ated with a CDP client being continuously protected. In
some embodiments, the example process is used at 504 to
store previous version data as changes occur after a snapshot
has been recorded at an initial baseline time.

At 800, one or more block writes on a CDP client are
intercepted at time t;. In some embodiments, an interceptor
operating between a file system driver and a disk driver
performs step 800. At 802, the intercepted block writes are
stored. In some embodiments, an interceptor passes inter-
cepted block writes to a journal logger and the journal logger
stores the intercepted block writes on persistent storage.

A metadata record is created that includes time t,, source
location, and storage location at 804. For example, a meta-
data record may be created that includes a time of intercep-
tion, where the blocks originated from on a CDP client, and
where such blocks are backed up. In this example, a single
metadata record is used to track a group of one or more block
writes. In some embodiments, a metadata record is created
for each block, for example to facilitate reclaiming indi-
vidually blocks included in the same write.

At 806, a pointer to a metadata record is passed to a
version store. In some embodiments, steps 804 and 806 are
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performed by a journal logger. In some embodiments, a
pointer is not passed to a version store. For example, in some
embodiments, some table or other data structure that is
accessed by a version store when such information is desired
(e.g., periodically to determine previous version data to
remove and/or if a user requests access or restoration of a
prior state that is backed up) is updated to reflect a new
metadata record. That is, in some embodiments a version
store is not necessarily made immediately aware of the
existence of a new metadata record.

It is decided at 808 whether a process is done. In some
embodiments, a process does not end unless continuous data
protection ends. Subsequent writes, if any, are intercepted
and processed (800-806) until continuous protection ends
(808).

FIG. 9A is a diagram illustrating an embodiment of a
reclamation pointer used to track virtual reclamation. In
some embodiments, reclamation includes virtual reclama-
tion (i.e., data no longer made available to restore, for
example by using application logic to block fulfillment of
requests for versions associated with times prior to a current
virtual reclamation time) and physical reclamation (i.e., data
is physically overwritten and/or an index updated such that
data is no longer present in an original location and/or an
application no longer knows where it is, such that a request
to restore that required the data could not be fulfilled even
if application logic did not block the request). In some
embodiments, reclamation (including virtual and physical
reclamation) is performed by a version store.

Data region 900 comprises contiguous storage locations
that are allocated by an allocation entity. For example, in
some embodiments, a journal logger obtains from a version
store an allocated range of storage locations. In some
embodiments, data region 900 is located on a persistent
store. Data region 900 comprises of portion 902 and buffer
904. In the example shown, the size of portion 902 is
determined based on a desired duration of a protection
window and buffer 904 is some additional storage. For
example, if 10 days of continuous protection is desired and
1 GB of changes is expected or is typical per day, portion
902 has a size of 10 GB. Buffer 904 is any appropriate size
(e.g., 2 GB) and is determined using a variety of techniques
in various embodiments. In various embodiments, the buffer
size is determined at least in part by one or more of the
following: a multiple of the expected rate of change; a
percentage of the size of the computed size for portion 902;
a known, observed, estimated, and/or otherwise anticipated
degree of variability in the rate of change; and an amount of
time expected to be required to perform reclamation process
to make space at a tail end of the protection window
available for reuse.

In this example, previous version data is written contigu-
ously within data region 900. Writing begins at the begin-
ning of portion 902 and goes sequentially or contiguously
from left to right in this example. When the end of portion
902 is reached, buffer 904 is then written to from left to right.
For example, the next location that will be written to is
location D10.

In some embodiments, buffer 904 is used to relax a timing
constraint and/or permit additional processing delay when
reclaiming (e.g., physically and/or virtually) locations in
storage. For example, when the end of portion 902 is
reached, previous version data is written to buffer 904 and
the beginning of portion 902 does not need to be immedi-
ately and/or quickly reclaimed. The size of buffer 904 is
determined in any appropriate manner. For example, in some
embodiments, the size of buffer 904 varies in accordance
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with the size of portion 902. In some embodiments, buffer
904 is a fixed or programmable size. In some embodiments,
the journal logger is told it has been allocated the data region
900, and is not told that the data region 900 includes a
portion 902 and buffer 904. The journal logger writes to
successive locations in data region 900 without regard to
whether a particular space is in the portion 902 or buffer 904.

Virtual reclamation is triggered in this example when
buffer 904 is written to. That is, while writing to portion 902,
virtual reclamation is not performed (i.e., virtual reclamation
pointer 906 is located to the left of location D0 in data region
900), because initially the time period for which previous
version data has been captured is shorter than the desired
protection window. In this example, virtual reclamation
pointer 906 is used to track or otherwise note the portion of
data region 900 that is virtually reclaimed. A physical
reclamation pointer 907 marks the point beyond (i.e., to the
left of, in the example shown) which storage locations have
been physically reclaimed (i.e., made available for reallo-
cation and reuse) and the position of physical reclamation
pointer 907 corresponds to a baseline time associated with
data stored in snapshot region 908. The part of data region
900 that lies between the physical reclamation pointer 907
and virtual reclamation pointer 906 comprises storage loca-
tions that have been virtually reclaimed but not yet physi-
cally reclaimed. As additional storage is virtually reclaimed,
virtual reclamation pointer 906 moves to the right and
storage located to the left of reclamation pointer 906 has
been virtually reclaimed. In some embodiments, the virtual
reclamation pointer is moved to the right at times and
amounts determined at least in part by the size and/or
frequency of writes by the journal logger at head 909.
Should a user request access to or restoration of a prior
version that includes one or more blocks to the left of virtual
reclamation pointer 906, that access or restoration is not
permitted. In some embodiments, some other tracking tech-
nique is used besides a reclamation pointer.

In some embodiments in which the virtual reclamation
pointer is moved based at least in part on the size of writes
at the head, large writes at the head may result in constriction
of the size of the protection window as a result of corre-
spondingly large portions of storage at the tail end, written
in smaller chunks and/or with less frequent writes of a large
size, being virtually reclaimed. In some embodiments, such
potential unpredictability of the size (in time) of the protec-
tion window is tolerated to ensure that sufficient space is
available to store the most recent and presumably more
critical data. In some embodiments, the virtual reclamation
pointer is moved based on time, to ensure the full protection
window is always provided. In some such embodiments,
extra space is included in the data region to accommodate
bursts of activity such as large and/or frequent writes at the
head.

In some embodiments, storage locations are virtually
reclaimed in a contiguous fashion. That is, in some embodi-
ments two portions of storage that are virtually reclaimed
cannot be separated by a portion that is not virtually
reclaimed; in some alternative embodiments this is permit-
ted. In some applications it is desirable to ensure that virtual
reclamation keeps up with new previous version data that is
being written but not necessarily delete older data if it is not
necessary. Therefore, in some embodiments, the amount of
storage that is virtually reclaimed is at least as much as the
amount of new previous version data that is being written
(e.g., to buffer 904). For example, if locations D10 and D11
are written to, reclamation pointer 906 correspondingly
advances by at least two locations. In some embodiments, all
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locations associated with a given time or metadata record are
virtually reclaimed if at least one location for that time or
metadata record is virtually reclaimed. For example, in some
embodiments, in the example shown in FIG. 9A it is not
permitted to virtually reclaim location D2 without also
virtually reclaiming D3, because both are related to the same
metadata record 916. In some embodiments, a check is
performed before a location or range of locations is virtually
reclaimed. For example, a check may be to determine if an
access or restore is being performed using a location that is
being considered for virtual reclamation.

In some embodiments, storage is mnot necessarily
reclaimed in a contiguous fashion. For example, the number
of reclamation pointers in some embodiments changes over
time (e.g., goes from one reclamation pointer to two and
back to one).

FIG. 9B is a diagram illustrating an embodiment of
physically reclaiming storage locations that have been vir-
tually reclaimed. In the example shown, physical reclama-
tion trails virtual reclamation; that is, physical reclamation is
performed on locations that have been virtually reclaimed.
FIG. 9B illustrates a point in time some time after that shown
in FIG. 9A. Two new blocks are intercepted at time t5, and
the values B" and D" are stored in locations D10 and D11,
respectively, of data region 900. Metadata record 918 cor-
responds to time t5 and has been added to metadata region
910. Protection window head 909 has advanced to just after
D11, and virtual reclamation pointer 906 has advanced two
locations, i.e., by an amount of storage corresponding to the
size of the writes at the head at t5.

In some embodiments, physical reclamation comprises
two sub-processes: updating a snapshot and deleting (or
deleting one or more references to) obsolete data. To update
a snapshot, previous version data is moved or copied from
data region 900 to snapshot region 908. In the example
shown, block locations D0-D3 in data region 900 are being
physically reclaimed. Snapshot data stored in snapshot
region 908 is updated from time t0 to time t2. The values C",
D and E (in locations D2, D1, and D3, respectively) are
moved or copied to snapshot region 908.

In the example shown, the time up to which physical
reclamation is to be performed is the time associated with
the current location of virtual reclamation pointer 906, i.e.,
time t2. In other circumstances and/or embodiments, a time
to the left of the virtual reclamation pointer 906 may be
selected. For example, a time to the left of the virtual
reclamation pointer 906 may be selected to define a con-
tiguous range of locations for physical reclamation without
including a location not available for physical reclamation,
such as one locked because it is associated with a “mount
point” defined to at least potentially restore or otherwise
access a previous version with which the data stored in the
locked location is associated.

In some embodiments, physical reclamation includes
determining a block map. Referring to the example figure, in
such embodiments a block map associated with time t2 is
determined. This enables the subsequently superseded data
in DO (i.e., C', superseded by C" in D2) to be ignored,
avoiding multiple writes to the same location in snapshot
region 908 for the same physical reclamation operation. That
is, by determining a block map for time t2 and only writing
to snapshot region 908 the most recent (as of t2) version of
each block that has changed since the prior snapshot update
(at t0 in the example shown in FIG. 9B). In the example
shown in FIG. 9B, the block map for time t2 would show the
then current data for source blocks 0-1 to be A and B, stored
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at S0 and S1, respectively; and for source blocks 2, 3, and
4 to be C", D, and E, respectively, stored at D2, D1, and D3,
respectively.

In some embodiments, a physical reclamation algorithm
walks the range of storage locations in the area to be
physically reclaimed, in linear sequence starting at the left,
and for each either ignores it if the location is not in the
block map (e.g., D0) or moves the associated data to a
corresponding location(s) in the snapshot region 908 if it is
in the block map (e.g., D1-D3), after which the locations in
the reclaimed region are erased (in some embodiments)
and/or one or more references (e.g., in an index and/or
metadata) to such locations are removed, after which the
reclaimed locations are considered available to be reallo-
cated, e.g., in response to a request from a journal logger for
more space, e.g., because the journal logger has reached or
is nearing the end of a previously allocated range of storage
locations. In some embodiments, a physical reclamation
pointer (not shown) is advanced as the last step in a physical
reclamation process.

FIG. 9C shows the state of the various storage locations
and data structures once locations D0-D3 have been
reclaimed. In the example shown metadata region 910 has
been modified to reflect the snapshot update. In this
example, metadata records 912-916 have been replaced with
a single entry indicating time t2, source 0-4, and storage
locations S0-S4.

In this example, the values D, C", and E are stored in
locations S2-S4, respectively. That is, in some embodiments,
placement is not necessarily maintained with respect to a
snapshot region. In some embodiments, placement is main-
tained with respect to a snapshot region (e.g., so that the
value C" replaces the value C in location S2 of snapshot
region 908). The values A and B in locations S0 and S1 of
snapshot region 908 are maintained. In some such embodi-
ments, an index, metadata table, and/or other dynamically
updated structure or mapping is used to track which loca-
tions in snapshot region 908 correspond to which blocks of
the protected entity.

In the example shown, the locations D4 and D5 have been
virtually reclaimed since the example of FIG. 9B. In this
embodiment, storage is virtually reclaimed in response to or
based on new data that is written by head 909. A single block
value, H, is written to block location D12 by head 909 and
a new metadata record is added to metadata region 910. In
this embodiment, all blocks associated with a given time are
virtually reclaimed if at least one block associated with that
time is reclaimed. So, since location D4 is virtually
reclaimed, all blocks associated with time t; are virtually
reclaimed in this embodiment and virtual reclamation
pointer 906 advances to the right of location D5. In some
embodiments, physically reclaimed locations in storage
(e.g., locations D0-D3) are reallocated and head 909 wraps
around to location DO.

In some embodiments, a snapshot is updated by updating
a list or other record used to track snapshot data. For
example, there may be a list of the locations of snapshot
data. Using the example shown in FIGS. 9B and 9C, in some
embodiments such as list is modified from (<location of
value A>, <location of value B>, <location of value C>) to
(<location of value A>, <location of value B>, D2, D1, D3).
In some embodiments, an additional field (not shown) is
included in each metadata record in metadata region 910 is
used to track updates to the snapshot. In some cases, only
some blocks associated with a given metadata record are
associated with a snapshot and the additional field used to
track snapshot data is capable of dealing with this scenario.
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For example, there may be one bit in a snapshot tracking
field for each block associated with a given metadata record.

Physical reclamation in some embodiments includes
deleting or removing data that is obsolete or is otherwise no
longer needed. For example, the values C', D, C", and E
stored in locations D0-D3 have been erased in the example
shown in FIGS. 9B and 9C. In some embodiments, the data
are not (necessarily) erased immediately and instead a
reference (e.g., in an index, metadata, etc.) associated with
them is removed and/or modified.

Metadata records are updated as needed to reflect the
removal or erasure of obsolete data. For example, in the
example shown in FIGS. 9B and 9C metadata records
912-916 have been replaced in metadata region 910 with a
single entry 920, since the blocks associated with those
metadata records have either been included in new entry 920
(e.g., the values C", D, and E have been added to metadata
record 912) or are no longer needed (e.g., value C").

In some embodiments, a determination whether or not to
physically reclaim storage and/or a determination regarding
what locations to physically reclaim is performed to ensure
that the portion of storage being considered for physical
reclamation is not being accessed or restored. In some
embodiments, locations associated with a previously-re-
quested restore are locked and cannot be reclaimed until
unlocked. In some such embodiments, if the data has to be
retained for a prolonged period, it is moved to another
location to enable physical reclamation of the original
location, e.g., as part of a contiguous range of locations. In
some embodiments, storage is physically reclaimed in units
that is the same or is a factor of a larger unit in which storage
locations are allocated (e.g., an allocation group). In some
embodiments, storage is physically reclaimed in units that
are the same as or an integer multiple of an allocation unit
that is based at least in part on the size of writes to the data
region, e.g., by a journal logger (e.g., a multiple of cluster
size), which units are smaller than a larger unit (e.g., number
of contiguous locations) in which storage is allocated (e.g.,
an allocation group). In some such embodiments, contiguous
sets of reclaimed storage locations are aggregated prior to
being reallocated so that storage locations reclaimed in the
smaller units can be allocated in the larger unit (e.g., an
allocation group). In some embodiments, storage is physi-
cally reclaimed in a contiguous manner. In some embodi-
ments, there is no rule to physically reclaim storage in a
contiguous fashion.

As described above, in some embodiments, storage is
virtually reclaimed in one or more units of measurement. In
some embodiments, this unit is an allocation unit. In some
embodiments, storage is physically reclaimed in one or more
units; this unit may or may not be the same as that used for
virtual reclamation. In some embodiments, storage is virtu-
ally reclaimed in groups of one or more allocation units but
is physically reclaimed in groups of one or more allocation
groups. An allocation group may be, for example, 64 KB and
an allocation unit may, for example, be 4 KB. As noted in the
preceding paragraph, in some embodiments storage is physi-
cally reclaimed in groups of one or more allocation units but
reclaimed groups are aggregated to enable reclaimed space
to be reallocated as a larger, contiguous allocation group of
locations.

In some embodiments, techniques are used to optimize or
otherwise improve performance associated with virtual rec-
lamation and/or physical reclamation. For example, in some
embodiments, non-contiguous reclamation is permitted dur-
ing virtual and/or physical reclamation. In some embodi-
ments, compaction or defragmentation is performed, where
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scattered pieces of data are gathered together and moved to
a contiguous location in storage.

FIG. 10 is a flowchart illustrating an embodiment of a
process for reclaiming storage. In the example shown,
storage is virtually reclaimed in one or more allocation units
and is physically reclaimed in one or more allocation groups.
In some embodiments other units are used besides allocation
units and/or allocation groups. In this example, step 1000 is
associated with virtual reclamation and steps 1004 and 1006
are associated with physical reclamation.

At 1000, a reclamation pointer associated with a data
region, e.g., a virtual reclamation pointer, is advanced by one
or more allocation units as appropriate. In various embodi-
ments, various decisions are used in determining whether to
advance a reclamation pointer and/or the number of alloca-
tion units to advance a reclamation pointer by. In some
embodiments, a reclamation pointer is advanced an amount
that is greater than or equal to a group of one or more block
writes recently written to the data region. For example, if a
group of eight block writes are intercepted and stored in a
data region, this may cause a reclamation pointer to advance
by at least eight blocks.

It is decided at 1002 whether there is greater than or equal
to an allocation group. For example, an allocation group
may be 64 KB and it may be determined whether there is at
least 64 KB worth of virtually reclaimed storage. In some
embodiments, physical reclamation is performed contigu-
ously. If there is strictly less than an allocation group, a
reclamation pointer is advanced as appropriate at 1000.

Otherwise, at 1004, information is moved from a data
region to a snapshot region and associated metadata
record(s) are updated. In some embodiments, location is
maintained so that an older value (e.g., C) is overwritten or
otherwise replaced with a newer, corresponding value (e.g.,
C"). In some embodiments, writing is performed in a manner
that minimizes or reduces access time associated with read-
ing (e.g., from a data region) and/or writing (e.g., to a
snapshot region). For example, storage is read or written in
a strictly increasing/decreasing manner to minimize or
reduce head seeks.

In some embodiments, at 1004 data is moved from the
data region to the snapshot region, and associated metadata
and/or index entries updated, in a manner that does not
require atomic access to or atomic operations associated
with continuous protection functionality, data, and/or
resources. In some embodiments, atomic in this context
means that no two unit steps need to be clubbed together to
form one atomic step for the process to be successful. For
example, each step can be taken without fear of being
pre-empted or swapped out and leaving an inconsistent state.
An embodiment is described in further detail below.

At 1006, obsolete blocks in a data region are deleted and
associated metadata record(s) are updated as appropriate. In
some cases, deleting at 1006 overlaps with or is performed
prior to moving data at 1004. Steps 1004 and 1006 in various
embodiments are performed at a variety of times with
respect to each other.

In some embodiments, additional and/or alternative pro-
cessing is performed than in the example described above.
For example, in some embodiments, prior to updating a
snapshot at 1004, a check is performed to ensure that a
portion of storage being evaluated for physical reclamation
is not being accessed or restored. In some embodiments, if
there is an access/restoration event going on, steps 1004
and/or 1006 are not performed until access or restoration
concludes.
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It is determined at 1008 whether a process is done. In
some embodiments, a process concludes when continuous
data protection ends. In some embodiments, if the end of a
data portion is reached in the reclamation process, the “tail”
of the protection window (e.g., the location of the virtual
reclamation pointer, in the example shown in FIGS. 9A-9C),
wraps around to the left boundary of the data region and
reclamation of regions earlier in time than the tail continues
as the virtual reclamation pointer continues to advance (e.g.,
performed at step 1000).

FIG. 11 is a flowchart illustrating an embodiment of a
process to advance a reclamation pointer. In the example
shown, the process is used to virtually reclaim storage. In
some embodiments, the example process is used at 1000 to
advance a reclamation pointer. In some embodiments, the
example process is performed by a version store associated
with a CDP server.

At 1100, there is a wait until a buffer is written to. For
example, in FIG. 9A, virtual reclamation does not begin
until buffer 904 is written to. At 1102, an amount of storage
written to is determined. For example, if a group of four
blocks is intercepted and written to a buffer, the amount of
storage written is four blocks.

At 1104, a reclamation pointer is advanced to match the
amount of storage written to. In some embodiments, the
reclamation pointer is a virtual reclamation pointer. In some
embodiments, a (e.g., virtual) reclamation pointer is
advanced exactly the same amount as the amount deter-
mined at 1102. In some embodiments, a reclamation pointer
is advanced at least the same amount as the amount deter-
mined at 1102. In some embodiments, a reclamation pointer
is advanced so that all blocks or locations associated with a
given time or metadata record are virtually reclaimed
together (e.g., in the example of FIGS. 9A and 9B, recla-
mation pointer 906 is not permitted to be located between
D2 and D3, D4 and D5, etc.).

It is determined at 1106 whether a process is done. In
some embodiments, a process is done when a reclamation
pointer reaches the end of a data portion (e.g., in FIG. 9B,
reclamation pointer 906 is located to the right of D12). In
some embodiments, a process does not done until continu-
ous data protection ends.

FIG. 12 is a flowchart illustrating an embodiment of a
process to move previous version data from a data region to
a snapshot region and update metadata records affected by
the move. In the example shown, this is performed in a
manner that does not require atomic access to continuous
protection functionality, data, and/or resources. In some
embodiments, the example process is used at 1004 during
physical reclamation.

At 1200, previous version data is copied from a location
in a data region to an associated location in a snapshot
region. In this example, this results in the same data being
stored in both the data region and in the snapshot region. In
some embodiments, an index and/or metadata associated
with previous version data being moved initially still points
to the original location in the data region. As a result, in such
embodiments a restore or other operation requiring access to
the data (e.g., that is performed prior to the index and/or
metadata being updated) will be serviced using the copy of
the previous version data as it is stored in the data region.

At 1202, metadata is updated to point to previous version
data stored in a snapshot region. In various embodiments, a
metadata record is created, modified, and/or deleted as
needed. In some embodiments, an index or other data
structure used to make a search more efficient (e.g., in the
event of a restore) is updated as well.
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Previous version data stored in a data region is erased at
1204. For example, once metadata has been updated, the
previous version data stored in the original location is erased
and/or those locations in the data region are made available
to be reallocated. By updating snapshots in this manner, a
user or process seeking to restore data does not necessarily
need to wait for an atomic operation to move the previous
version data from the data region to the snapshot region
and/or no logic or locking mechanism is required to be
provided to ensure atomic access to the data. For example,
if a restore or access request is serviced while the metadata
is pointing to the previous version data stored in the data
region, that information is still available since it has not yet
been erased. Similarly, if a restore or access request is
serviced after the metadata is updated, there is previous
version data in the snapshot region that is being pointed to
by the metadata region. In some cases this prevents or
reduces the likelihood of incorrect data being read from
invalid locations in storage.

FIG. 13 is a block diagram illustrating an embodiment of
a storage used to store previous version data. In some
embodiments, the data space 1300 comprises storage loca-
tions allocated for use by a continuous data protection or
other journaling process to store writes made to a protected
data set, sometimes referred to as a protected entity. Writes
to the protected entity are intercepted and a copy of each
write made at a corresponding location in data space 1300,
with the write head 1302 indicating the location at which the
next write is to be stored. A virtual reclamation pointer 1304
represents the tail of a rolling window of continuous data
protection, within which a user is able to restore at a
write-by-write granularity. To the left of virtual reclamation
pointer 1304 in the example shown in FIG. 13, storage
locations outside the rolling protection window in some
embodiments would normally be considered eligible for
reclamation and subsequent reallocation to the journaling
process, e.g., once an end of the data space 1300, or a buffer
or overflow region, is reached, as described above. However,
in the example shown, writes stored in storage locations
1306, 1308, and 1310 have been “locked”, as described
more fully below, to prevent those locations from being
reclaimed.

In various embodiments, the need to lock storage loca-
tions such as the locked storage locations 1306, 1308, and
1310 of FIG. 13 may arise because a user mounted a “restore
point” corresponding to a time and/or state of the protected
entity at which time and/or state the previous version data
stored in the locked locations 1306 was stored in corre-
sponding locations in the protected entity. If the restore point
is not unmounted, the corresponding previous version data
must be retained even after the tail of the rolling protection
window, represented in this example by virtual reclamation
pointer 1304, moves past the storage locations in which the
previous version data associated with the restore point are
stored in the data space 1300. In some embodiments, pre-
vious version data may be retained beyond the continuous
data protection window to make available for earlier periods
one or more restore points at a granularity other than write
granularity, e.g, hourly, daily, weekly, etc., depending on
how far back a user wants to go and/or administrators
configure the system/application to provide.

In some cases, depending on the size and frequency of
writes to the protected entity, which data blocks in the
protected entity are updated over time, etc., locking storage
locations such as locations 1306 in the example shown may
leave gaps that are smaller than an optimal and/or desired
allocation group size that in some embodiments represents
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the minimum size block of contiguous storage locations
desired to be allocated to the journaling process, e.g., to
optimize the writing of previous version data to the data
space.

Compacting and/or relocating stored previous version
data to facilitate efficient reclamation and reallocation of
data space storage locations is disclosed. In the example
shown in FIG. 13, for example, in various embodiments one
or more of the locked regions 1306, 1308, and 1310 would
be copied to a new location adjacent to another one of the
location, or to a temporary location not in the data space
intended for use by the journaling process, to create con-
tiguous ranges of storage locations of at least an allocation
group in size. In the example shown, for example, in some
embodiments the data stored in regions 1306 and/or 1310
would be moved to locations adjacent to region 1308 if it
were determined that doing so would make it possible to
reclaim and reallocate continuous ranges of storage at least
one allocation group in size on either side of the compacted
locked storage regions. In some embodiments, if moving the
data stored in region 1310 to the left, adjacent to region
1308, would not leave at least one allocation group worth of
reclaimable space to the right of the compacted locked
regions, the data in regions 1308 and 1310 would be moved
to storage locations adjacent to region 1306 and/or all three
regions copied to temporary storage outside the data space
1300, depending on the embodiment, circumstances, user
and/or administrator indicated preferences, etc.

Consolidating and/or relocation previous version data to
enable storage locations in data space to be reclaimed,
reallocated, and/or reused efficiently is disclosed. In various
embodiments, consolidation and/or relocation may occur
prior to the previous version data and/or associated writes
and/or metadata records being effectively “locked”, after
locking, or during the locking process.

FIG. 14 is a flow chart illustrating an embodiment of a
process for reclaiming data space in allocation group size
continuous ranges of locations. In the example shown,
restore points at configured or configurable levels of granu-
larity are stored and made available for periods prior to a
current continuous data protection window, and associated
previous version data is consolidated or moved, as appro-
priate and required, to enable space to be reclaimed, real-
located, and used by a journaling process efficiently. An
indication is received that a time to evaluate the need to
perform compaction has arrived (1400). In some embodi-
ments, the indication includes an indication that a pointer,
such as virtual reclamation pointer 1304, has advanced by a
prescribed amount (e.g., of time) beyond a last (hourly,
daily, etc.) restore point. A block map for a next restore point
and/or a restore point at a next level of granularity (e.g.,
consolidating hourly restore points from a prior day to a
single daily restore point for that day, e.g., the end of the
business day (1402). In some embodiments, the block map
includes for each source block in the protected entity (or at
least for each source block in which data was stored at a time
with which the restore point is associated) an identification
of storage blocks in the data space, such as data space 1300,
in which the previous version data that was stored in those
source blocks at the restore point time (or other state) is
stored. The data space storage blocks included in the block
map built at 1402 are locked (1404). In some embodiments,
storage locations are locked by including associated meta-
data records in a map or other stored identification of
metadata records associated with the restore point. It is
determined whether the gaps, if any, between the ranges of
storage locations in data space that have been locked
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because they contain previous version data associated with
the restore point are smaller than one allocation group in size
(1406). If there are no gaps or all gaps are at least as large
as one allocation group, any space not locked, including any
gaps, is reclaimed. Otherwise, previous version data in the
locked regions is consolidated and/or moved to temporary
storage outside the data space prior to reclaiming space in
allocation group or larger ranges (1410). In various embodi-
ments, whether previous version data is consolidated or
moved depends, for example, on the circumstances (e.g.,
data is consolidated if doing so leaves only space reclaim-
able in chunks at least one allocation group in size and
moved to temporary storage if allocation group size recla-
mation and reallocation is not achievable by consolidation
within the data space), configuration/settings (e.g., user or
administrator preference), availability of sufficient tempo-
rary storage, etc.

FIG. 15 is a flow chart illustrating an embodiment of a
process for locking storage locations in a data space used to
store previous version data. In some embodiments, the
process of FIG. 15 is used to implement 1404 of FIG. 14. In
the example shown, storage locations in data space are
locked by including associated metadata records in a map or
other identification of metadata records that point to previ-
ous version data associated with a restore point with which
the map is associated. Starting with a first metadata record
used to add a first group of data space blocks to a block map
associated with the restore point, e.g., because previous
version data in at least some of those data space blocks is
associated with the restore point, a record identifier and
associated write time are added to the map or other identi-
fication of “locked” records (1504). In some embodiments,
the record identifier includes an identification of a physical
device and a specific location on that device in which the
corresponding metadata record is stored. 1504 is repeated
for each metadata record associated with previous version
data that is associated with the restore point (1506 and
1508). Once all applicable metadata records have been
added to the record identifier map (also referred to in FIG.
15 as the “locked list”), the identifiers in the map are sorted
by time (1510), after which the process ends.

FIG. 16A is a flow chart illustrating an embodiment of a
process for reclaiming space if an otherwise reclaimable
segment that is smaller that one allocation group is encoun-
tered. In some embodiments, the process of FIG. 16A is
implemented in a system that enables an administrator or
other authorized user to indicate a preference for whether the
system should respond to gaps smaller than one allocation
group in size by either skipping ahead to the next reclaim-
able segment, e.g., to a point beyond the last write associated
with a mounted restore point, or should instead consolidate/
move locked records to temporary storage to create a
reclaimable space of at least one allocation group. If a
segment of reclaimable space that is smaller than one
allocation group is encountered (1602), it is determined
whether such segments are to be skipped or previous version
data moved if possible to create a segment at least one
allocation group in size (1604). If the system is configured
to skip segments (e.g., gaps) smaller than one allocation
group, reclamation resumes beyond the restore point, i.e.,
beyond the last write associated with the restore (1605). In
some embodiments, the last write associated with the restore
point is determined by accessing a map or list of locked
metadata records associated with the restore point and
reading a last entry in the time-sorted list of records. In some
embodiments, reclamation beyond the restore point is imple-
mented by creating a new instance of a virtual reclamation
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pointer, such as virtual reclamation pointer 1304 of FI1G. 13,
at a point beyond the last write associated with the restore
point. In some embodiments, the original virtual reclamation
pointer continues to advance and is or may be used upon
un-mounting of the restore point to determine which, if any,
of'the storage locations previously locked to preserve restore
point data should be reclaimed and reallocated. In various
alternative embodiments, instead of moving all the way to
the end of a restore point upon encountering a gap smaller
than an allocation group, one or more of the following
occurs: A next gap associated with the restore point is
checked (e.g., after locked region 1308 in FIG. 13, if it is
determined that the gap between regions 1306 and 1308 is
less than one allocation group), a new instance of the virtual
reclamation pointer is created at the beginning of a next gap
associated with the restore point, and/or all gaps associated
with the restore point are added together to determine
whether in aggregate they represent at least one allocation
group. In the latter case, in some embodiments if the sum of
the gaps together equals at least one allocation group, the
previous versions data is consolidated into a contiguous
range of storage locations, leaving the at least one allocation
group as a contiguous range of reclaimable space, which is
then reclaimed. In the example shown in FIG. 16A, if the
system has been configured to consolidate/move previous
version data (1604), one or more sets of previous version
data (writes, each identified by an associated metadata entry
in a map or list of locked records) are consolidated as
described above or moved to temporary storage, if available
and so configured (1606), and reclamation of the resulting
contiguous range of reclaimable storage locations resumes
(1608).

FIG. 16B is a flow chart illustrating an embodiment of a
process for moving previous version data to temporary
storage to create a contiguous range of reclaimable space
that is at least one allocation group in size. In some embodi-
ments, the process of FIG. 16B is used to implement 1608
of FIG. 16A. In the example shown, starting with a first
locked record (write) at the end of a gap (reclaimable space)
less than one allocation group in size, the previous version
data stored in the blocks associated with the record (i.e., the
destination blocks in the data space to which the metadata
record points) is copied to a temporary location not in the
data space (1642). The amount of additional reclaimable
space freed by moving the previous version data is added to
the previous total (1644). Additional successive records are
moved (1646 and 1648) until the total reclaimable space
comprises at least one allocation group (1646), after which
the block map associated with the restore point is updated
(1650), so that the block map points to the temporary
location to which the previous version data in moved records
have been moved, with the result that such data would be
read from the temporary location(s) if a user initiated a
restore to a state associated with the restore point. Once the
block map has been updated (1650), the reclaimable space
in the data region, now comprising at least one allocation
group, is reclaimed (1652), after which the process ends. In
some alternative embodiments, the process of FIG. 16B is
run in parallel with generation of a block map (list of
destination blocks in which previous version data associated
with a restore point is stored) and corresponding map or list
of locked metadata records for a restore point that has been
requested to be mounted; i.e., total reclaimable contiguous
space available is tracked and previous version data are
moved, if needed, on a write by write basis, as the block map
is built, until a range of reclaimable space that comprises at
least one allocation group has been made available. In such
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embodiments, 1650 is omitted because the block map as
generated reflects the temporary location(s), if any, to which
some/all of the previous version data associated with the
restore point has been moved.

In some embodiments, the process of FIG. 16B is
executed if a restore point has been mounted for longer than
a prescribed, and in some embodiments configurable/tun-
able, period, even if the system is configured to initially skip
over gap less than one allocation group in size and/or gaps
associated with a restore point that includes one or more (or
in some embodiments only) gaps less than one allocation
group in size.

FIG. 17 is a flow chart illustrating an embodiment of a
process for mounting a restore point. In some embodiments,
the process of FIG. 17 is used as an alternative to the
processes of FIGS. 16A and 16B. In the example shown,
previous version data associated with a restore point is
moved to temporary storage during the course of mounting
the restore point. This approach makes it possible to allow
a restore point to remain mounted indefinitely, so long as it
does not become necessary to reclaim and reuse, e.g., for a
more recently mounted restore point, the temporary storage
locations to which the previous version data associated with
the restore point has been moved. In the example shown, a
request to access (or preserve beyond a protection window)
previous version data associated with a restore point, e.g.,
previous version data representing the state of a protected
entity or a specified portion thereof (e.g., a range of source
blocks), is received (1702). An index (e.g., one with time
and source block keys, as described above) is used to
identify the metadata records that point to the destination
blocks in which previous version data associated with the
restore point are stored (1704). In some embodiments, the
records are identified in a list or other data structure that
maps ranges of source blocks to corresponding metadata
record identifiers, the identifiers in some embodiments
including data indicating a storage device and location in
which the corresponding metadata record is stored. Starting
with a first record in the list, successive metadata records are
read (1706). In some embodiments, each metadata record
represents a write by a journaling process to the data space
and includes an identification of the source blocks to which
the corresponding previous version data were written at the
protected entity, the destination blocks to which the data was
written in the data space, and a timestamp indicating the
time at which the data was written to the data space (or,
alternatively, at the protected entity). As each record is read,
or in some embodiments in batches once a prescribed
number have been read, the corresponding previous version
data is copied from the destination blocks identified in the
record to a temporary location, e.g., one not in the data space
(1708), the metadata record is updated to point to the
temporary location as the destination to which the associated
previous version data has been written (1710), and the
blocks (as applicable) are added to the block map (with the
destination for each block indicated as the temporary loca-
tion to which the previous version data for that block has
been moved) and the metadata record (which has been
updated to point to the temporary location(s)) is added to the
list of records that are locked because they are associated
with the restore point (1712). Once all records associated
with the restore point have been processed (1706-1714), the
process ends.

In an environment in which multiple restore points may
be mounted at the same time, the locked writes associated
with two or more restore points may overlap in the data
space, for example if one or more writes are associated with
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two or more restore points. An example of such an occur-
rence is the case of a write to a block that was not changed
(i.e., not written to again) at the protected entity during the
interval between a first time t1 associated with a first restore
point and a later time t2 associated with a second, later
restore point. In such an embodiment, there is a need for a
way to effectively lock records associated with one or more
restore points, and to safely un-mount a restore point without
inadvertently unlocking a record that should remain locked
because it is also associated with one or more other restore
points that remain mounted. In some embodiments, coop-
erative locking is achieved by creating for each restore point
a separate map, list, or other identification of metadata
records associated with the restore point. Each metadata
record map or list includes for each locked record a record
identifier (comprising, e.g., a physical storage device on
which the metadata record is stored and a location on that
device at which the metadata record is stored) and a time
associated with the record, e.g., a time at which the corre-
sponding previous version data was written to the data space
(or alternatively at the protected entity). Each map or list is
sorted by time to generate a list of locked records (writes) in
temporal order. At un-mounting, as described below, the
space associated only with those records that appear only in
the map or list associated with the restore point being
un-mounted, and not those locations associated with any
restore point that remains mounted, is reclaimed, and just the
map or list associated with the restore point being un-
mounted is deleted. In this way, records can be locked
cooperatively for any number of restore points without
requiring any locking mechanism to be implemented and
updated with respect to the metadata records themselves or
the associated storage locations in data space.

FIG. 18A is a flow chart illustrating an embodiment of a
process for un-mounting a restore point. In the example
shown, an indication is received that a restore point is no
longer required (1802), after which the storage locations
(writes) associated with just that restore point, and not other
restore points that remain mounted, are unlocked (1804).

FIG. 18B is a flow chart illustrating an embodiment of a
process for unlocking storage locations associated with a
restore point that is being un-mounted. In some embodi-
ments, the process of FIG. 18B is used to implement 1804
of FIG. 18A. In the example shown, an indication to
un-mount a restore point is received (1840). It is determined
whether other restore points remain mounted (1842). In
some embodiments, 1842 includes determining whether a
locked metadata record map or list exists for any restore
point(s) other than the restore point being un-mounted. If no
other restore points exist (1842), the locked record map or
list for the restore point is deleted and associated storage
locations in data space are reclaimed as/when eligible
(1848), as determined for example by the position of a
virtual reclamation pointer relative to the respective loca-
tions. If it is determined that one or more other restore points
exist, it is determined whether any restore point(s) that
remain(s) mounted overlaps (i.e., has locked metadata
records/writes in common with) the restore point being
un-mounted (1844). If there is no overlap, the locked
metadata record map or list associated with the restore point
being un-mounted is deleted and the associated storage
locations in data space are reclaimed (1848). If there is
overlap (1844), it is determined where the overlap begins or
ends (1846), as applicable depending on whether the restore
point to remain mounted precedes or follows the restore
point being un-mounted, and space is reclaimed only up to
(or beginning at, as applicable) the point at which overlap
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begins (or ends, as applicable) (1848). In some embodi-
ments, whether overlap exists (1844) is determined by
comparing a last time associated with a last locked metadata
record in a time-sorted list of metadata records associated
with a first restore point with a first time associated with a
first locked metadata record in a time-sorted list of metadata
records associated with a second restore point and conclud-
ing there is overlap if the last time is later than the first time.
In some embodiments, a point at which overlap begins (first
restore point being un-mounted) is determined (1846) by
comparing the respective times associated with successive
locked metadata records associated with the first restore
point, in time order, with the first time associated with the
first record associated with the second restore point, until a
record associated with the first restore point is found that has
a time associated with it that is equal to or later than the first
time. In some embodiments, a point at which overlap ends
(second restore point being un-mounted) is determined
(1846) by comparing the respective times associated with
successive locked metadata records associated with the
second restore point, in time order, with the last time
associated with the last record associated with the first
restore point, until a record associated with the second
restore point is found that has a time associated with it that
is later than the last time. Records up to the point of overlap
(earlier restore point being un-mounted) or starting from the
point of overlap (later restore point being un-mounted) are
then reclaimed.

FIG. 19 is a flow chart illustrating an embodiment of a
process for reclaiming unreferenced records in an environ-
ment in which multiple and potentially overlapping restore
points may be mounted at the same time. Reclamation starts
at an earliest (in time) record of an earliest mounted restore
point (1902). Unreferenced records in the range of locked
records (writes) associated with the restore point are
reclaimed, through the end of the locked range (1904). In
some embodiments, a record is considered to be unrefer-
enced if it does not appear in any map or list of locked
records associated with any restore point. For subsequent
restore points (1906), reclamation begins at a last time
associated with a last record in the locked range of records
associated with the previous restore point (1908), and unref-
erenced records through the end of the range of locked
records associated with that restore point are reclaimed
(1904), until all restore points have been processed. In some
embodiments, if unreferenced records make up less than one
allocation group of contiguous space, the compaction/de-
fragmentation techniques described above are used as
needed to create contiguous ranges of reclaimable space
comprising at least one allocation group.

In an embodiment in which previous version data asso-
ciated with a mounted restore point is preserved by includ-
ing associated metadata records in a map or list of records
required to be retained, the storage locations in data space
that are prevented from being reclaimed may include blocks
that do not contain previous version data associated with the
restore point and so do not appear in the block map gener-
ated for and associated with the restore point. This would
occur, for example, if a write to the data space by a
journaling process included both data written at the pro-
tected entity to blocks included in the restore point and data
written to blocks not associated with the restore point, or if
a write included data written to both blocks that were not
subsequently overwritten prior to a time with which the
restore point is associated and to one or more blocks that
were overwritten subsequently but prior to the restore point
time.
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FIGS. 20A and 20B are block diagrams illustrating modi-
fying metadata records to reclaim a portion of the blocks
associated with a write to data space. In the example shown,
three records 2002a, 20044, and 2006a, have been locked
because corresponding destination blocks contain previous
version data associated with a mounted restore point 2008.
The destination blocks containing previous version data are
indicated in FIGS. 20A and 20B by an “x” above each
respective destination block included in the restore point. In
some embodiments, a block map generated and returned in
response to a request to mount the restore point 2008 would
list only those data space blocks that are marked by an “x”.
However, the locking mechanism disclosed herein, and any
other mechanism that relies on locking metadata records to
preserve associated previous version data, would result in
blocks 2010 and 2012, which do not contain previous
version data associated with the restore point, also being
locked and, as a result, not reclaimed while the restore point
remains mounted. In the example shown, only a few blocks
that do not contain previous version data associated with the
restore point are locked, but in environments in which data
changes rapidly and large writes occur, the blocks that are
locked but not required for the restore point may comprise
a substantial amount of space. In some embodiments, as in
the example shown in FIGS. 20A and 20B, locked metadata
records may be rewritten to reference only destination
blocks that contain previous version data associated with a
restore point. In the example shown in FIG. 20B, the
metadata records associated with record identifiers “RID1”
and “RID2” have been rewritten to point only to blocks that
contain previous version data associated with the restore
point, i.e., the metadata record associated with RID1 no
longer points to block 2010, even though that record is
associated with a write to the data space that include a write
to block 2010, and likewise the metadata record associated
with RID2 no longer points to block 2012. The metadata
record associated with RID3, which in this example from the
beginning happened to point only to destination blocks
containing previous version data associated with the restore
point, was not rewritten. In various embodiments, the tech-
niques described above for consolidating/defragmenting
reclaimable space may be applied to blocks made available
for reclamation by rewriting locked metadata records to
point only to blocks containing previous version data asso-
ciated with a restore point. In some embodiments, the
technique illustrated by FIGS. 20A and 20B is employed
only if a virtual reclamation pointer has advanced past the
time/write(s) associated with the affected metadata
record(s).

FIG. 21 is a flow chart illustrating an embodiment of a
process for rewriting locked metadata records to reclaim
space. In the example shown, a first (earliest) locked meta-
data record that is associated with a time that is earlier than
a current position of a virtual reclamation pointer is accessed
(2102). In some embodiments, a time-sorted map or list of
locked metadata records associated with a restore point, e.g.,
an earliest or next one in time order of a plurality of saved
restore points, is used to identify the first (and subsequent)
locked record(s). It is determined whether all destination
blocks to which the locked metadata record points contain
previous version data associated with a restore point with
which the locked record is associated (2104). In some
embodiments, 2104 includes comparing a list of destination
blocks identified in the locked record with a block map
associated with the restore point. If not all destination blocks
to which the locked metadata record point contain previous
version data associated with the restore point (2104), the



US 9,454,536 Bl

35

metadata record is rewritten to point only to destination
blocks that appear in the block map associated with the
restore point (2106). Otherwise, processing advances to a
next locked record (2108 and 2110), and so on, until all
locked metadata records associated with times earlier than a
current position of the virtual reclamation pointer have been
processed.

Although the foregoing embodiments have been
described in some detail for purposes of clarity of under-
standing, the invention is not limited to the details provided.
There are many alternative ways of implementing the inven-
tion. The disclosed embodiments are illustrative and not
restrictive.

What is claimed is:

1. A method of reclaiming storage space, comprising:

mounting a restore point including a restore point time

and a restore set of data space storage blocks associated
with previous version data;
associating a virtual reclamation pointer with a tail of a
rolling window of continuous data protection;

advancing the virtual reclamation pointer beyond at least
one of the restore set of data space storage blocks;

building a block map to identify data space storage blocks
within the restore set of data space storage blocks
stored outside the rolling window of continuous data
protection based at least in part on a location of the
virtual reclamation pointer;

associating the block map with the mounted restore point;

locking the identified data space storage blocks to prevent

virtual or physical reclamation;

determining that a gap exists between a plurality of locked

data space storage blocks;

determining that the gap is smaller than a specified

allocation group size;

in response to the determination that the gap is smaller

than the specified allocation group size, determining
whether to relocate the previous version data or to skip
ahead to a next reclaimable segment to resume a
reclamation process;

in the event it is determined to relocate the previous data:

relocating the previous version data stored in the locked
plurality of data space storage blocks, at least in part
by consolidating the locked plurality of data space
storage blocks to temporary storage, to expand the
gap to at least the specified allocation group size; and

updating the block map associated with the relocated
previous version data to reflect where the previous
version data has been relocated;

in the event it is determined to skip ahead:

determining a last write associated with the restore
point at least in part by accessing a list of locked
metadata records associated with the restore point;

sorting the list of locked metadata records by time;

reading a last entry in the time-sorted list of locked
metadata records; and

resuming reclamation beyond the last entry.

2. The method as recited in claim 1, wherein the previous
version data associated with the restore point outside the
rolling window of continuous data protection comprises one
or more of the following: a locked data storage location; a
data storage location associated with a currently mounted
restore point; a locked metadata record associated with a
data storage location; and a metadata record associated with
a data storage location associated with a currently mounted
restore point.

3. The method as recited in claim 1, wherein the restore
point comprises one or more of the following: a point to
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which a user indicates the user would or may like to be able
to restore the protected entity or a portion thereof; and a
point to which a user is able to restore at a coarser granu-
larity than the rolling window of continuous data protection
that has advanced beyond the previous version data.

4. The method as recited in claim 1, wherein locking
comprises determining that data associated with the set of
data space storage blocks included in a map, list, or other
record indicating, directly or indirectly, storage locations, if
any, that are associated with a currently mounted restore
point.

5. The method as recited in claim 4, wherein the map, list,
or other record lists for each currently mounted restore point
one or more metadata records associated with writes to the
data space, to destination locations indicated in the metadata
records, of previous version data associated with the restore
point.

6. The method as recited in claim 1, wherein relocating
previous version data stored in the locked set of data space
storage blocks comprises compacting the previous version
data stored in the locked set of data space storage blocks
with other previous version data by copying the previous
version data stored in the locked set of data space storage
blocks to one or more new locations in the data space
adjacent to the other previous version data.

7. The method as recited in claim 1, wherein relocating
previous version data stored in the locked set of storage
blocks comprises moving the previous version data in the
locked set of storage blocks to one or more temporary
storage locations.

8. The method as recited in claim 7, wherein said one or
more temporary storage locations are not in the set of data
space storage blocks.

9. The method as recited in claim 1, further comprising
making available for reclamation the one or more expanded
gaps.

10. The method as recited in claim 1, further comprising
reclaiming the one or more expanded gaps.

11. The method as recited in claim 1, wherein relocating
previous version data includes relocating one or more
records that previously separated a portion from one or more
other reclaimable portions of a region.

12. The method as recited in claim 1, further comprising
updating one or more metadata records associated with the
relocated previous version data to reflect the location or
locations, as applicable, to which the previous version data
has been relocated.

13. The method as recited in claim 1, wherein the previous
version data is relocated in parallel with a process that gives
rise to a requirement that the gaps, if any, not currently be
reclaimed.

14. The method as recited in claim 13, wherein the
process comprises mounting a restore point.

15. A system configured to reclaim storage space, com-
prising:

a storage device comprising a data space; and

a processor coupled to the storage device and configured

to:

mount a restore point including a restore point time and
a restore set of data space storage blocks associated
with previous version data;

associate a virtual reclamation pointer with a tail of a

rolling window of continuous data protection;
advance the virtual reclamation pointer beyond at least

one of the restore set of data space storage blocks;
build a block map to identify data space storage blocks

within the restore set of data space storage blocks
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stored outside the rolling window of continuous data
protection based at least in part on a location of the
virtual reclamation pointer;

associate the block map with the mounted restore point;

lock the identified data space storage blocks to prevent

virtual or physical reclamation;

determine that a gap exists between a plurality of locked

data space storage blocks;

determine that the gap is smaller than a specified alloca-

tion group size;

in response to the determination that the gap is smaller

than the specified allocation group size, determining
whether to relocate the previous version data or to skip
ahead to a next reclaimable segment to resume a
reclamation process;

in the event it is determined to relocate the previous data:

relocate the previous version data stored in the locked
plurality of data space storage blocks, at least in part
by consolidating the locked plurality of data space
storage blocks to temporary storage, to expand the
gap to at least the specified allocation group size; and

update the block map associated with the relocated
previous version data to reflect where the previous
version data has been relocated;

in the event it is determined to skip ahead:

determine a last write associated with the restore point
at least in part by accessing a list of locked metadata
records associated with the restore point;

sort the list of locked metadata records by time;

read a last entry in the time-sorted list of locked
metadata records; and

resume reclamation beyond the last entry.

16. The system as recited in claim 15, wherein to relocate
previous version data stored in the locked set of data space
storage blocks comprises compacting the previous version
data stored in the locked set of data space storage blocks
with other previous version data by copying the previous
version data stored in the locked set of data space storage
blocks to one or more new locations in the data space
adjacent to the other previous version data.

17. The system as recited in claim 15, wherein the
processor is further configured to update the block map
associated with the relocated previous version data to reflect
the location or locations, as applicable, to which the previ-
ous version data has been relocated.

18. A computer program product for reclaiming storage
space, the computer program product being embodied in a
non-transitory computer readable storage medium and com-
prising computer instructions for:

mounting a restore point including a restore point time

and a restore set of data space storage blocks associated
with previous version data;

associating a virtual reclamation pointer with a tail of a

rolling window of continuous data protection;
advancing the virtual reclamation pointer beyond at least
one of the restore set of data space storage blocks;
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building a block map to identity data space storage blocks
within the restore set of data space storage blocks
stored outside the rolling window of continuous data
protection based at least in part on a location of the
virtual reclamation pointer;

associating the block map with the mounted restore point;

locking the identified data space storage blocks to prevent

virtual or physical reclamation;

determining that a gap exists between a plurality of locked

data space storage blocks;

determining that the gap is smaller than a specified

allocation group size;

in response to the determination that the gap is smaller

than the specified allocation group size, determining
whether to relocate the previous version data or to skip
ahead to a next reclaimable segment to resume a
reclamation process;

in the event it is determined to relocate the previous data:

relocating the previous version data stored in the locked
plurality of data space storage blocks, at least in part
by consolidating the locked plurality of data space
storage blocks to temporary storage, to expand the
gap to at least the specified allocation group size; and

updating the block map associated with the relocated
previous version data to reflect where the previous
version data has been relocated;

in the event it is determined to skip ahead:

determining a last write associated with the restore
point at least in part by accessing a list of locked
metadata records associated with the restore point;
sorting the list of locked metadata records by time;
reading a last entry in the time-sorted list of locked
metadata records; and
resuming reclamation beyond the last entry;
relocating the previous version data stored in the locked
plurality of data space storage blocks to expand the gap
to at least the specified allocation group size; and
updating the block map associated with the relocated
previous version data to reflect where the previous
version data has been relocated.

19. The computer program product as recited in claim 18,
wherein relocating previous version data stored in the locked
set of data space storage blocks comprises compacting the
previous version data stored in the locked set of data space
storage blocks with other previous version data by copying
the previous version data stored in the locked set of data
space storage blocks to one or more new locations in the data
space adjacent to the other previous version data.

20. The computer program product as recited in claim 18,
further comprising updating the block map associated with
the relocated previous version data to reflect the location or
locations, as applicable, to which the previous version data
has been relocated.



